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ABSTRACT
The o b j e c t i v e s  of  t h i s  i n v e s t i g a t i o n  were:  1) to de­
velop an in v i t r o  model system f o r  de termin ing  t o p ic a l  t r a n s ­
f e r  and a v a i l a b i l i t y  o f  f l u o r i d e  from f l u o r i d a t e d  r e c o n s t i ­
t u t e d  and whole mi lk to i s o l a t e d  human t e e t h ;  2) to determine  
and e v a l u a t e  the i o n i c  f l u o r i d e  t r a n s p o r t  ra tes  t h a t  take  
place from m i lk  and water  to  t e e t h ,  and 3) to prepare an 
exper imental  design f o r  the preceding o b j e c t i v e s  and to ana­
lyz e  a l l  the exper imental  data w i th  the help of  a computer  
in order  to make s t a t i s t i c a l l y  s i g n i f i c a n t  conc lus ions .
The model system consisted o f  human t e e t h  as f o l l o w s :  
two t e e t h  from an 1 8 - y e a r - o l d  male who had been on systemic
f l u o r i d e s  a l l  h is  1i f e — f u l l  bony impacted t e e t h  which were
never exposed to oral  in f lu e n c e s  such as ac i d -b as e  d i f f e r e n ­
t i a l s  in food and d r i n k ;  f o u r  t e e t h  from an 1 8 - y e a r - o l d  male 
who had never had systemic f l u o r i d e s - - f u l 1 bony impacted 
tee th  which were never exposed to or a l  i n f l u e n c e s  such as 
ac id -base  d i f f e r e n t i a l s  in  food and d r i n k ;  and fou'. :eeth  
from two 4 0 - y e a r - o l d  males {two each) f u l l y  e rupted which 
were sub jec ted to con t in ua l  exposure to a l l  manner of  food
and dr ink  w i th  no systemic f l u o r i d e .
The te e t h  used f o r  the present  model system were ob­
t a in ed  through the coopera t ion o f  a group of  ora l  surgeons 
in Baton Rouge, L o u i s ia n a :  Drs.  Rivers  W a l l ,  V incent
La ga tu t ta  and Tooley Towns. The a c q u i s i t i o n  o f  the e x p e r i ­
mental te e t h  requi red  about s ix  months due to s p e c i f i c  
c h a r a c t e r i s t i c s  des i r e d ,  The model system was Incorpora ted  
wi th a l l  the v a r i a b l e s  (such as age, s i z e ,  c o n d i t i o n ,  e t c . )  
which have been repor ted to a f f e c t  the f l u o r i d e  t r a n s f e r  
mechanism 1n f l u o r i d a t e d  water .
The work on a v a i l a b i l i t y  s tudies  consisted o f  dehy­
d r a t in g  f l u o r i d a t e d  whole mi lk  and determining the concen­
t r a t i o n  o f  f l u o r i d e  1n r e c o n s t i t u t e d  f l u o r i d a t e d  m i l k .  The 
f l u o r i d e  was determined p o t e n t l o m e t r l c a l l y  using a s p e c i f i c  
1on f l u o r i d e  e l e c t r o d e  1n con junct ion wi th a standard s in g l e  
j u n c t i o n  s l e e v e - t y p e  re f erence  e le c t r o d e  and a pH meter  
having an expanded m i l l i v o l t  s c a le .
F r a d i o a c t i v e  readout  method and chemical a na l ys is  
( s p e c i f i c  1on e l e c t r o d e  method) were used f o r  measuring 
Io n i c  f l u o r i d e  t r a n s p o r t  r a t e s .
The exper imental  data were analyzed wi th the help of  
a computer to determine 1 f  there  was a c o r r e l a t i o n  between 
the t o p i c a l  f l u o r i d e  t r a n s f e r  and the v a r i a b l e s  int roduced  
1n the exper imental  t e e t h ,  and to a s c e r t a i n  i f  the model 
system developed f o r  such a study 1s v a l i d .
The major f in d in g s  o f  t h i s  study are as f o l l o w s :
1. F l u o r i d a t e d  m i l k ,  e i t h e r  whole or r e c o n s t i t u t e d ,  
proved to be a good v e h i c l e  f o r  the a d m i n i s t r a t i o n  of  
f l u o r l d e s .
2. Topica l  t r a n s f e r  of  f l u o r i d e  ion from f l u o r i d a t e d
vi i
water  and f l u o r i d a t e d  mi lk  to the exper imental  t e e t h  was 
proven.
3. No c o r r e l a t i o n  between the age of  exper imental  
t e e t h  and the degree of  tempering o f  the enamel was found.  
Adults d r in k i n g  f l u o r i d a t e d  water  or f l u o r i d a t e d  mi lk  w i l l  
cont inue to rece ive  the car ies  prevent ion f l u o r i d e  t r a n s f e r  
to t h e i r  t e e t h ,  thereby b e n e f i t t i n g  them in t h e i r  l a t e r  
y e a r s .
4. No c o r r e l a t i o n  was found between the chemical  
method and r a d i o a c t i v e  readout method in the degree of  
f l u o r i d e  t r a n s f e r  to the te e t h  from e i t h e r  f l u o r i d a t e d  mi lk  
or f l u o r i d a t e d  water .
5. The model system developed and v a l i d a t e d  in th i s  
d i s s e r t a t i o n  is recommended f o r  l a r g e - s c a l e  s tu d i e s .
vi i i
INTRODUCTION
B i o a v a i l a b i l i t y  is  t h a t  p o r t io n  or  percentage o f  a 
food component which is a v a i l a b l e  f o r  absorpt ion  and u t i l i ­
z a t i o n  by a l i v i n g  organism. Many balanced s tu d ies  have 
been done on the abs or pt i on  and e x c r e t i o n  o f  f l u o r i d e s  in 
humans (23, 76, 64 ,73) ,  but  v i r t u a l l y  no in f o r m a t i o n  is  a v a i l ­
able  on the b i o a v a i l a b i l i t y  o f  f l u o r i d e  in f r e e z e - d r i e d  m i l k ,  
or on the i o n i c  f l u o r i d e  t r a n s p o r t  r a t e s  t h a t  take  place  
from mi lk  and water  to t e e t h .  L imi ted  i n v e s t i g a t i o n s  which 
have been performed on these t op i cs  have not r e s u l t e d  in  
s i g n i f i c a n t  conc lus ions .
Recent s tudies  have shown t h a t  one ppm of  f l u o r i d e  
ion in water  was excre ted  in the u r i n e  in approx imate ly  30 
minutes a f t e r  d r i n k i n g ,  w h i l e  one ppm o f  f l u o r i d e  ion i n ­
gested in m i l k  delayed the e x c r e t i o n  r a t e  to about 90 min­
utes ( 3 7 ) .  This d i f f e r e n c e  in e x c r e t i o n  t ime (denot ing de­
layed a b s o rp t i o n )  is  not  imp or tant  when the red uc t i on  or p r e ­
vent ion  of  denta l  c a r i e s  is  cons idered.  However,  the amount 
o f  f l u o r i d e  a v a i l a b l e  f o r  human u t i l i z a t i o n  from the var ious  
v e h i c l e s  is  o f  pr imary importance.
The v e h i c l e  o f  choice f o r  f l u o r i d e  i n t a k e  by humans 
should be a food which is  normal ly  consumed, and which w i l l  
not be a f f e c t e d  in any manner ( t a s t e ,  appearance or  odor) by 
the a d d i t i o n  of  the f l u o r i d e  supplement in n u t r i t i o n a l
1
amounts ( 53 ) .  Prepara t ion of  the supplement should be done 
commercial ly by c e r t i f i e d  pr o fe ss ion a l s  to e l i m i n a t e  produc­
t i o n  and publ ic  heal th  problems.
A gr ea t  mass of  evidence has accumulated on the bene­
f i t s ,  s a fe t y  and p r a c t i c a b i l i t y  o f  the f l u o r i d a t i o n  of  pub­
l i c  d r in k in g  water  f o r  prevent ing dental  ca r ie s  of  humans. 
Flu or id a te d  water  at  optimal  l e v e l s  of  1 .0  to 1 .2  ppm has i n ­
h i b i t e d  dental  c a r i e s  up to 65 percent ,  p a r t i c u l a r l y  when i n ­
gested during the growing per iod o f  the permanent te e t h  a t  
the t ime o f  enamel c a l c i f i c a t i o n .  This appears to be one of  
the most e f f e c t i v e  means o f  prevent ing  dental  c a r i e s .  The 
l i t e r a t u r e  on t h i s  sub jec t  up to 1952 was reviewed by the  
members o f  the Nat iona l  Research Council  (102). Since then,  
numerous repor ts  on the b e n e f i t s  and s a fe ty  o f  f l u o r i d a t e d  
water  have been publ ished in the United States and abroad,  
and the r e s u l t s  have been summarized in a few pu b l i c a t io n s  
( 2 , 6 , 1 6 , 1 8 , 1 9 , 2 0 , 2 2 , 2 9 , 3 4 , 4 0 , 5 6 , 5 8 , 1 0 2 , 1 0 7 , 6 8 ) .
I t  is est imated t h a t  approximately h a l f  the popula t ion  
in the United States does not l i v e  in areas served by commu­
n i t y  water  s u p p l i e s ,  and must r e l y  on wel l  water ;  a l s o ,  un­
f o r t u n a t e l y ,  only a l i m i t e d  number o f  community water  sup-  
l i e s  have been f l u o r i d a t e d  (105). In many cases where an a t ­
tempt has been made to t r e a t  the water  supply the preference  
of  a m a j o r i t y  has been shouted down by a voc i fe rous  few wi th  
an apparent  de t r imen t  to the whole community. As a r e s u l t ,  
fewer c i t i e s  are i n i t i a t i n g  f l u o r i d a t i n g  programs and many 
others are dropping those a l ready  s t a r t e d  ( 9 3 ) .  Between 1945
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and 1950 fewer  than a hundred c i t i e s  were added to the pro­
gram each y e a r ,  but in 1952,  243 c i t i e s  f l u o r i d a t e d  t h e i r  
s u p p l i e s ,  and in 1953,  378 c i t i e s  were added to t h i s  l i s t .  
Since then the number of  new c i t i e s  has d e c l i n e d ,  w i th  only  
131 added in 1958.  At  the present  t i m e ,  only one person in  
fou r  has f l u o r i d e  p r o t e c t i o n ,  and both the p r o t e c t i o n  and 
p r o p o r t io n  are d e c l i n i n g  as the po pu la t io n  inc re a s es .
The ne c e s s i t y  f o r  f i n d i n g  an ad ju nct  r a t h e r  than a 
s u b s t i t u t e  to the f l u o r i d a t e d  water  program is  now apparent .  
When con s ider ing  t h a t  only o n e - h a l f  or  less of  the pop ula t ion  
dr ink s  water  from municipal  s u p p l i e s ,  i t  is  r e a d i l y  seen t h a t  
another  method of  supplying f l u o r i d e s  to the p u b l i c  must be 
developed to p r o t e c t  the people d r i n k i n g  u n t r e a te d  w a te r .
M i lk  is  the l i q u i d  most u n i v e r s a l l y  consumed by preg­
nant mothers,  newborns, i n f a n t s  and c h i l d r e n  dur ing the  
per iod o f  tooth  fo rm a t i on .  M i lk  is  a lso the best  food 
source f o r  supplying b i o l o g i c a l l y  a v a i l a b l e  c a lc ium ,  phos­
phorus and v i t a m i n  D which are so imp or ta n t  f o r  sound,  
he a l t h y  t ee t h  and strong bones. T h e r e f o r e ,  mi lk  as an ad­
j u n c t  c a r r i e r  f o r  f l u o r i d e s  f o r  human consumption is  an ex­
c e l l e n t  replacement  f o r  w a te r .  However,  th e r e  are  many areas  
in the world where r e f r i g e r a t i o n  is  not a v a i l a b l e  f o r  pre ­
s e rv in g  m i l k .  Dr ied mi lk  powder has been f ur n i s he d  in huge 
q u a n t i t i e s  f o r  many of  these c o u n t r i e s .  R e c on s t i t u t e d  pow­
dered mi lk  is  much cheaper and more economica l ly  f e a s i b l e
than whole m i l k ,  e s p e c i a l l y  in the aforement ioned areas.
1 8Ericsson (40)  in  1958 in s tudies using F showed t h a t
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f l u o r i n e  was adsorbed to p o r t io n s  of  the mi lk  s o l i d s  thus 
making i t  a v a i l a b l e  f o r  absorpt ion  in the ac id medium of  the  
d i g e s t i v e  j u i c e s .
A f t e r  mi lk  is  shown to be an e x c e l l e n t  v e h i c l e  f o r  the  
a d m i n i s t r a t i o n  o f  f l u o r i d e s ,  the mechanism which t r a n s p o r t s  
the f l u o r i d e  ion in the mi lk  to the sur fac e  of  the tooth  must 
be r e v e a l e d .  F l u o r i d e  w i l l  a p p a r e n t l y  combine r e a d i l y  wi th  
calcium in w a te r ,  unless an i n h i b i t o r  such as the hexa-
metaphosphate is  u t i l i z e d .  There may be a s i m i l a r  e f f e c t  in
m i l k .  Other e x p la n a t io ns  i nc l ude  the c a r i e s - i n h i b i t i n g  e f ­
f e c t  of  f l u o r i d e  (F~)  being due to i t s  r e l a t i v e l y  high con­
c e n t r a t i o n  in the sur fac e  l a y e r  of  the enamel.  The OH group 
of  h y d r o x y a p a t i t e , CagHg( P 0 4 ) g0H , the major minera l  s a l t  in 
t e e t h ,  i s  rep laced by F ion forming f l u o r a p a t i t e  which is  
more r e s i s t a n t  to c a r i e s  fo rm a t i on  than h y d r o x y a p a t i t e . The 
ra t e  o f  F uptake is  a lso much g r e a t e r  p r e - e r u p t i v e l y  and ac­
c e s s i b l e  tooth sur faces take  up more f l u o r i d e  than in a c c e s ­
s i b l e  sur faces p o s t - e r u p t i v e l y . Since the i n a c c e s s i b l e  tooth  
areas are  most c a r i e s - s u s c e p t i b l e ,  the e f f e c t i v e n e s s  of  
f l u o r i d e  exposure to the t e e t h  in the p o s t - e r u p t i v e  s t a t e  is  
1imi t e d .
The o b j e c t i v e s  o f  the present  i n v e s t i g a t i o n  are :
1) To determine  whether or not the re  is  a complete d i s ­
persion o f  the f l u o r i d e  ion in  f l u o r i d a t e d  d r i e d  m i l k ,  to ob­
t a i n  assurance t h a t  the des i r ed  amount o f  f l u o r i n e  is  a v a i l ­
able when the m i lk  is  r e c o n s t i t u t e d ;
2) To show i f  the s o l u b l e  calcium in m i l k  combines
wi th supplemental  f l u o r i n e  in mi lk  in ap prec iab le  q u a n t i t i e s
3) To determine the e x te n t  to which CaF2 may i n t e r ­
f e r e  in the b i o a v a i l a b i l i t y  of  t o t a l  f l u o r i d e ;
4) To compare the f l u o r i d e  t r a n s f e r  from both mi lk  
and water  by the t e e t h ,  to supply in fo rma t i on  f o r  making a 
choice o f  a medium f o r  f l u o r i d e  i n c o r p o r a t io n ;  and
5) To prepare a computer an a ly s is  o f  the exper imental
data f o r  o f f e r i n g  s t a t i s t i c a l  v a l i d i t y  to any conclusions.
REVIEW OF LITERATURE
I n t r o d u c t i o n
The one proven fun ct io n  of  f l u o r i n e  as a t race  e l e ­
ment in human n u t r i t i o n  is  to increase the r es is ta nce  of  
t e e t h  to decay,  apparent ly  by improving the s t r u c t u r e  of  the 
enamel of t ee t h  ( 1 ) .  Previous research has i n d ic a te d  t h a t  
the only impor tant  sources o f  f l u o r i n e  in o r d i n a ry  d ie t s  are 
tea and sea f is h  (mostly the bones) ,  unless the water  supply 
contains 1 ppm or more, and t h e r e f o r e  i n f a n t s  and young c h i l ­
dren o f te n  f a i l  to obt a in  the b e n e f i t s  of  f l u o r i n e  when t h e i r  
t e e t h  are being formed,  mainly in the f i r s t  e i g h t  years of  
1 i f  e (1 ) •
I t  is  i n d i s p u t a b l e  t h a t  in regions where the water  
contains f l u o r i d e  (F) a t  1 ppm or h igher ,  the incidence of  
dental  ca r ie s  is much less than where the water  contains  
l i t t l e  or no f l u o r i d e ,  f o r  example,  only 0.1 ppm. I t  appears 
t h a t  the f i r s t  suggest ion to a r t i f i c i a l l y  add f l u o r i d e  to the  
d i e t  to reduce dental  c a r i e s  was made in Great  B r i t a i n  l a t e  
in the n ineteenth century.  Universal  f l u o r i d a t i o n  of  
f l u o r i d e - d e f i c i e n t  waters has been s t ro ng ly  urged by hea l th  
a u t h o r i t i e s  in many cou nt r ies  (107), but there  has been steady 
res is t anc e  to t h is  by an incr ea s in g  m in o r i ty  on the grounds 
of  compulsory medica t ion,  the p o s s i b i l i t y  of  unforeseen con­
sequences, such as dangers a r i s i n g  from excessive i n t a k e s ,
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and po ss ib le  associa ted  e f f e c t s  as in respect  to p o l l u t i o n  
of  the environment.
Apart  from emotional  and h y p o t h e t i c a l  o b j e c t i o n s  to 
the f l u o r i d a t i o n  of  water  s u p p l i e s ,  th e r e  are  some q u i t e  
d e f i n i t e  and o b j e c t i v e  reasons f o r  g i v i n g  c o n s i d e r a t i o n  to 
ot h er  methods f o r  ensur ing t h a t  i n f a n t s  and c h i l d r e n  r e c e i v e  
a c o n t r o l l e d  i n t a k e  o f  m i lk  c o n ta i n in g  a d e f i n i t e  amount of  
added f l u o r i d e .  The reasons may be summarized as f o l l o w s :
1. F l u o r i d a t i o n  o f  the wa ter  supply in a count ry  
wi th  a po pula t ion  of  5 0 , 0 0 0 ,0 0 0  a t  1 ppm F would r e q u i r e  
about 15,000 tons of  sodium f l u o r i d e  a n n u a l l y .  The f l u o r i ­
dat ion  of  the w o r l d ' s  water  supply a t  the same r a t e  would 
r e q u i r e  about 1 , 0 0 0 , 0 0 0  tons a n n u a l ly .
2. The use o f  m i lk  to g ive  1 mg F d a i l y  to c h i l d r e n  
in such a count ry  in the low w a t e r - f 1uor ide areas would r e ­
q u i r e  a maximum of  2 tons a n n u a l l y .
3. Water consumption by c h i l d r e n  v a r i e s  enormously,  
of t e n  being minimal in  cold we a th e r ,  and c on s id e ra b l e  in hot  
weather .  There would be no c on t r o l  over t o t a l  i n t a k e .
4.  Assuming t h a t  c h i l d r e n  d r i n k  1 l i t e r  of  water  ( in  
var ious  ways) d a i l y ,  only about 1 l i t e r  of  f l u o r i d a t e d  water  
in  2 ,000 l i t e r s  serves any useful  purpose.  The r e s t  is  
wasted.
5. I f  organized on a n a t i o n a l  s c a l e ,  the p r o v is io n  
f o r  f l u o r i d a t i n g  m i l k  f o r  i n f a n t s  and young c h i l d r e n  would 
be much e a s i e r  than wa ter  f l u o r i d a t i o n ,  e s p e c i a l l y  when an
al lowance is made f o r  the d i f f e r e n c e  in cost  between supply­
ing m i lk  and f l u o r i d a t e d  m i l k .
6. We have no p r e c i s e  knowledge of  the pos s i b le  p o l ­
l u t i n g  e f f e c t s  o f  f l u o r i d a t i n g  a l 1 water  sup pl ies  year  a f t e r  
y e a r .  A very  small  p r o p o r t io n  o f  n a t u r a l  water  suppl ies  
conta ins f l u o r i d e  a t  1 ppm F or h igher  and a t  the moment is  
d i l u t e d  to n e g l i g i b l e  pr o p o r t io n s  (0 .1  ppm or le s s )  by 
n a t u r a l  processes.
7. I t  i s  e s t a b l i s h e d  beyond a l l  doubt t h a t  some 
people ,  e . g . ,  heavy beer d r i n k e r s ,  may dr i n k  up to 7 l i t e r s  
per day. Such persons,  being a du l ts  who may a lso e a t  f i s h  
and d r i n k  t e a ,  might  consume excessive  amounts of  f l u o r i d e .
8.  Some p l an ts  s e l e c t i v e l y  accumulate f l u o r i d e  (67)  
and so un iv e rs a l  and cont inuous f l u o r i d a t i o n  o f  water  might  
lead to  high f l u o r i d e  i n t a k e  through consumption o f  c e r t a i n  
vegetables  ( 4 6 ,  67,  69,  71,  72,  92,  9 7 ) .
I t  has been proposed t h a t  f l u o r i d e  might be given to  
c h i l d r e n  in the form o f  sweets,  b i s c u i t s ,  t a b l e t s ,  e t c . ,  but  
mi lk  is  the best  v e h i c l e  f o r  t h i s  purpose f o r  the f o l l o w i n g  
r ea s o ns :
1. M i l k  is  the n a t u r a l  food f o r  i n f a n t s  and c h i l d r e n .  
N u t r i t i o n a l l y  i t  does not  m a t t e r  t h a t  "mi lk"  is cow's m i l k ,  
which is  b a s i c a l l y  s i m i l a r  to human m i lk  a l though d i f f e r i n g  
in c o n c e n t ra t io n  o f  c o n s t i t u e n t s  ( 5 3 ) .
2. The most imp or tan t  n u t r i e n t s  f o r  the format ion  of  
hea l thy  t e e t h  and bones are c a l c i um ,  phosphorus,  f l u o r i n e  and 
v i tam in  D. M i lk  is  very  r i c h  in calcium and phosphorus,  so
t h a t  f l u o r i d a t e d  mi lk  would supply an adequate amount o f  the 
three  e s s e n t i a l  n u t r i e n t s  needed to bu i l d  sound te e t h  ( 5 4 ) .
3. I f  the milk used as a v e h i c l e  f o r  f l u o r i d e  is  pro­
vided by a s t a t e  or m u n i c i p a l i t y  i t  would ensure t h a t  i n f a n t s  
and young c h i l d r e n  obtained not only the necessary amount of  
f l u o r i d e ,  but also a useful  supply o f  ca lcium,  phosphorus,  
r i b o f l a v i n ,  v i tamin B-j , good q u a l i t y  p r o t e in  and other  im­
po r ta nt  n u t r i e n t s  which are normal c on s t i t u e n ts  of  m i lk .
4. Even i f  the cost  of  using mi lk  as a v e h ic le  f o r  
f l u o r i d e  was g r e a te r  than w a te r ,  i t  is  f a l l a c i o u s  to debate 
the quest ion in terms of  apparent  costs only.  Heal th cannot  
be assessed in pure ly  monetary terms.  Economical ly ,  money 
spent on mi lk  f o r  c h i l d re n  is not merely a d e b i t  on the 
n a t i o n ' s  account ,  because i t  is plowed back i n t o  the econony 
and b e n e f i t s  farmers,  the da i ry  i n d u s t r y ,  and i n d i r e c t l y ,  
many other  people.  The t r u e  cost o f  such a p r o j e c t  is less  
than h a l f  the apparent  c os t .  Savings in dental  serv ice  would 
o f f s e t  the cost  o f  supplying milk to c h i l d r e n ,  i f  i t  con­
ta ined  f l u o r i d e .
5. Using mi lk  as a v e h i c l e ,  i t  would be possible  to 
vary the dosage fo r  d i f f e r e n t  c h i l d r e n  i f  r e q u i r e d .  Parents  
could decide i f  t h e i r  c h i l d r e n  should receive  f l u o r i d a t e d  
mi l k.
6. Some ob jec t ions  to mi lk  f l u o r i d a t i o n  have been 
ra ised  by the proponents o f  water f l u o r i d a t i o n  on the grounds 
of  a slower r a t e  o f  abs o rp t io n ,  arid the binding o f  f l u o r i d e  
by calcium in m i l k .  T h e o r e t i c a l l y  the re  seems to be l i t t l e
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evidence f o r  such arguments. Slower absorpt ion may wel l  be 
an advantage,  because f re e  f l u o r i d e  ( i . e . ,  t h a t  not absorbed 
in to  t is s u e s )  is  r a p i d l y  excreted in the u r i ne .  The so lu­
b i l i t y  of  calcium f l u o r i d e  in cold water  is 16 ppm which is 
reasonably above the l i m i t  o f  1 ppm F e q u i v a l e n t  to about 2 
ppm calcium f l u o r i d e .
Ear ly  I n v e s t i g a t i o n  on 
Milk  F l u o r i d a t i o n
The use o f  m i lk  f o r  f l u o r i d a t i o n  is  f a r  from being a 
new idea .  I t  has been int roduced in to  m i l k  in a number of  
c o u n t r i e s ,  p a r t i c u l a r l y  A u s t r i a ,  West Germany, Japan, Swi t ­
zer land  and the Uni ted Sta tes .  In St .  Po l te n ,  A u s t r i a ,  
f l u o r i n e  has been added to school mi lk  since 1958 ( 3 0 ) .  The 
issue o f  f l u o r i d a t e d  mi lk  is a lso pr a c t ic e d  a t  L i n z .  In 
K i e l ,  West Germany, f l u o r i d a t e d  mi lk has been d i s t r i b u t e d  
in schools since 1959 ( 3 0 ) .  In a Japanese pr imary school 
in Yokohama, over thr e e  periods o f  f i v e  years (15 years in 
a l l ) ,  c h i l d re n  have received 365 mg F over the 200 days on 
which they at tend school ,  and the r e s u l t s  have been highly  
s a t i s f a c t o r y  ( 3 0 ) .
In S w i t z e r l a n d ,  Z i e g l e r  ( 1 0 9 ) ,  a medical p r a c t i t i o n e r  
in W in th er th u r ,  publ ished the f i r s t  account of  his work in 
1953,  and in 1954 he showed t h a t  f l u o r i n e  from m i lk  could be 
absorbed q u i t e  e a s i l y  by human beings.  M i lk  has been f l u o r i ­
dated in W i nt h er th u r ,  S w i t z e r la n d ,  from 1955 onward, a t  f i r s t  
with 0 .3  mg F in 200 cc and l a t e r  in 250 cc m i lk .  Z i e g l e r  
(109)  summarized his own work and t h a t  o f  others by saying
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t h a t  f l u o r i d a t i o n  of  mi lk  f o r  the prevent ion of  dental  car ie s  
is p h y s i o l o g i c a l l y  wel l  founded,  e n t i r e l y  p r a c t i c a l  and i n ­
volves only a very small  expendi ture .
Mot t led  Enamel (Dental  F lu or os is )
In 1906-1907 an i d e n t i c a l  developmental  l es ion  oc­
curred in the te e th  in p r a c t i c a l l y  the e n t i r e  na t i v e  popula­
t i o n  of  Colorado Spr ings,  Colorado.  In 1909,  Black (13)  i n ­
v e s t i g a te d  t h i s  condi t ion  and repor ted i t  to be a new le s io n  
in dental  pathology which he r e f e r r e d  to as "mot t led enamel."  
At t h a t  t ime t h i s  condi t ion  was thought to be ser ious .
As s i m i l a r l y  a f f l i c t e d  d i s t r i c t s  were brought to the 
a t t e n t i o n  of  dental  and pub l ic  hea l th  a u t h o r i t i e s ,  wide­
spread examinat ions were made. In v e s t i g a t o r s  attempted to 
c o r r e l a t e  a common denominator ,  such as some condi t i on  which 
might lead to the cause of  the l e s i o n .  I t  was not iced t h a t  
the one common f a c t o r  was the continuous use o f  a p a r t i c u l a r  
water  supply during the years o f  enamel for ma t i on .  These 
r e s u l t s  were d e t a i l e d  in a s e r ie s  o f  four  a r t i c l e s  publ ished  
in 1915 by McKay and Black ( 7 9 ) .  Black (13)  reported  t h a t  i f  
the cause was found in the w a te r ,  something o th er  than an o r ­
d inary  chemical ana lys is  must be used. He f e l t  t h a t  more 
work was i n d ic a te d  " to search f o r  the presence o f  some con­
s t i t u e n t  h e re to fo re  undetermined." This statement  has been 
proven c o r r e c t  in the l i g h t  of  modern knowledge.
The i n v e s t i g a t i o n s  t h a t  fo l lowed were f a s c i n a t i n g .  
Waters in areas where people had developed "mot t led enamel"
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came from many s o u r c e s - - s h a l l o w  w e l l s ,  c l e a r  mountain 
st reams,  high mountain l a k e s ,  from w i t h i n  mines and even 
from the lava  from Mt.  Vesuvius in I t a l y .  F requent ly  the  
water  came from d r i l l e d  w e l l s  o f  vary ing  depths (10,28 ,88) .
This endemic disease e n t i t y  was examined by many i n ­
v e s t i g a t o r s  a l l  over  the Un i ted S t a t e s .  Three d i f f e r e n t  
areas in the Uni ted Sta tes  f u r n i s h e d  con c lus ive  evidence  
t h a t  the community water  supply was inv o l ve d  wi th  the ap­
pearance o f  "mot t led  enamel ."  In 1916 a t  B r i t t o n ,  South Da­
kota ,  the domestic water  supply was changed from i n d i v i d u a l  
shal low w e l l s  to a d r i l l e d  w e l l .  P r i o r  to t h i s  s h i f t  no 
n o t ic e  had been made o f  d i s c o l o r a t i o n  o f  the t e e t h .  Subse­
q u e n t l y ,  m ot t le d  enamel became endemic among a l l  c h i l d r e n  
who made cont inuous use o f  the new deep we l l  water  ( 7 6 ) .
At Oak ley,  Idaho,  a s i m i l a r  phenomenon occurred.
This community was using a nearby warm spr ing as a source of
i t s  wa ter  supply ,  and mot t led  enamel became endemic,  whereas 
p r e v i o u s l y  i t  had been unknown. This was conf i rmed by an 
examinat ion in 1925.  S h o r t l y  t h e r e a f t e r ,  a water  supply from 
another  source was s u b s t i t u t e d .  This was the f i r s t  ins tance  
in denta l  h i s t o r y  wherein a municipal  wa ter  supply was e l i m i ­
na ted,  and a d i f f e r e n t  supply s u b s t i t u t e d  f o r  the sole pu r ­
pose o f  remedying a denta l  c o n d i t i o n .  A re - e x a m in a t i o n  in 
1933,  e i g h t  years a f t e r  the change o f  wa ter  supply ,  revea led
t h a t  f u r t h e r  product ion o f  m ot t le d  enamel had complete ly
ceased.  I t  is  known t h a t  once the enamel o f  t e e t h  has become 
m o t t l e d ,  the stoppage o f  the use o f  too h i g h l y  f l u o r i d a t e d
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water  w i l l  not in any way change the m o t t l i n g  o f  the e x i s t ­
ing enamel.  I t  appears to be permanent f o r  the l i f e  of  the  
tooth ( 7 6 ) .
A s i m i l a r  episode occurred a t  B a u x i t e ,  Arkansas,  
where the water  supply was f i r s t  examined in 1928.  Several  
years before  1928,  the use o f  i n d i v i d u a l  shal low w e l l s  had 
been d i sc ont inu ed  f o r  s a n i t a r y  reasons,  and a municipal  sup­
ply from deep w e l l s  was s u b s t i t u t e d .  A f t e r  t h i s  change,  
mot t led  enamel became endemic in the n a t i v e  po pu la t io n  born 
subsequent ly ( 7 6 ) .
I t  was a t  B a u x i t e ,  Arkansas,  in 1931,  t h a t  the d i s ­
covery of  f l u o r i d e ,  an unexpected c o n s t i t u e n t  o f  domestic  
water  s u p p l i e s ,  was repor ted  by C h u r c h i l l  ( 2 4 ) .  The f l u o r i d e  
content  o f  the deep we l l  water  a t  Bauxi te  was found to be 14 
ppm. This high content  was c o r r e l a t e d  w i th  the general  se­
v e r i t y  o f  the mo t t l ed  enamel.  C h u r c h i l l  then examined the  
water  from severa l  communities where mot t led enamel was en­
demic,  and found f l u o r i d e s  in a l l  o f  them. Water was also  
examined from a number o f  communities in which t h e r e  was no 
m ott led  enamel and found to be p r a c t i c a l l y  f r e e  from f l u o r i d e .  
At a l a t e r  date the water  from the Oakley warm spr ings was 
found to have 8 ppm o f  f l u o r i d e .  Smith (95)  a t  the U n iv e r ­
s i t y  o f  A r i z o n a ,  repor ted  a s i m i l a r  r e l a t i o n s h i p  between 
f l u o r i d e  and mot t led enamel.  Obvious conclusions may be 
drawn t h a t  denta l  f l u o r o s i s  (m ot t le d  t e e t h )  can be acqui red  
only during the f o r m a t i v e  per iod  o f  the t e e t h ,  and once ac­
qui red is  permanent f o r  l i f e ,  even i f  the i n d i v i d u a l  moves
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from a l o c a l i t y  where f l u o r i d e s  are present  to a region where 
they are not pre sent .  Once the te e t h  are c a l c i f i e d ,  an i n d i ­
v idual  could move to a l o c a l i t y  where che f l u o r i d e  content  
was high and not acquire dental  f l u o r o s i s .
Re la t io nsh ip  Between F lu or id a te d  
Water and Dental  Caries
The f i r s t  examinat ions to determine t h i s  r e l a t i o n s h i p  
were made in Wisconsin and o th er  par ts  of  the midwest by
Dean ( 3 2 ) ,  Arnold ( 7 ) ,  and Bul l  ( 2 1 ) .
Dean (32)  s ta ted t h a t  the f l u o r i d e  content  of  water  
would hav§ to be s u f f i c i e n t l y  high to a f f o r d  p r o t e c t io n  
aga inst  c a r i e s ,  and at  the same t ime be low enough to avoid  
conspicuous dental  f l u o r o s i s .  This work e s ta b l i s h e d  a safe  
and e f f e c t i v e  f l u o r i d e  content  at  about one p a r t  o f  f l u o r i d e  
in a m i l l i o n  par ts  of  wate r .  When the f l u o r i d e  content  ap­
proached two par ts  per m i l l i o n  the p r o b a b i l i t y  o f  producing 
a d i s f i g u r i n g  f l u o r o s i s  increased .  McKay (74)  and Russel l  
and Elove (87)  studied the con di t ion  o f  dental  car ie s  in
middle l i f e  o f  persons wi th  f l u o r o s i s .  Both s tudies agreed
t h a t  the c a r i e s - i n h i b i t o r y  ac t ion  of  f l u o r i d e s  extended wel l  
in t o  middle l i f e .
Evidence now a v a i l a b l e  from areas where f l u o r i d a t e d  
water  was present  for  an average o f  25 years in d ic a te s  t h a t  
the average number of  DMF (decayed,  missing [ e x t r a c t e d ]  and 
f i l l e d  t e e t h )  per na t i v e  person is t h r e e .  A t h i r d  or more 
of  the na t iv e  i n d i v i d u a l s  are  c a r ie s  f r e e .  Any d e n t i s t  who 
has ever  been in p r i v a t e  p r a c t i c e  w i l l  agree t h a t  th i s  low
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c a r ie s  r a t e  is  remarkable by comparison wi th  the average un­
t r e a t e d  mouth ( 8 ,  27,  46,  5 6 ) .  This compared f a v o r a b l y  wi th  
Lou is ia na  DMF r a te s  ( 2 7 ) .
Tables I  and I I  summarize the repor ts  o f  l o c a l  hea l t h  
o f f i c i a l s  in severa l  c i t i e s  on the red uc t i on  in DMF ra t es  of  
loc a l  c h i l d r e n  using f l u o r i d a t e d  munic ipal  wa ter  sup pl ies  
( 9 ,  14,  30,  43,  44,  81,  82 ,  85,  98 ,  103 ) .
Evanston,  I l l i n o i s ,  was one of  the f i r s t  communities  
in  the Un i ted  S t a t es  to adopt f l u o r i d a t i o n  o f  water  s u p p l i e s .  
The le n g th  o f  t ime inv o lv e d  p e r m i t t e d  the a u t h o r i t i e s  to 
make before  and a f t e r  comparisons o f  the inc idence  o f  denta l  
c a r i e s  in comparable age groups o f  c h i l d r e n .  The r e s u l t s  
were as f o l l o w s :  1) a 21% r ed uc t i on  o f  denta l  c a r i e s  in the
t e e t h  o f  12 to 1 3 - y e a r - o l d s ;  2) a 12% red uct ion  of  denta l  
c a r i e s  in the t e e t h  o f  the 1 4 - y e a r - o l d  group; and 3) a 46% 
r ed uc t i on  of  denta l  c a r i e s  in the t e e t h  o f  the 6 to 8 - y e a r -  
old group.  These are l a t e r  r e s u l t s  than shown in Table  I . 
E q ua l l y  imp or t an t  was the s tatement  t h a t  no evidence was r e ­
por ted o f  a r i s e  in n e p h r i t i s  or  d iabetes  s ince f l u o r i d a t i o n  
began ( 3 7 ) .
Several  s tu d i e s  ( 9 ,  30,  43,  81,  82,  103) showing the  
re d u c t io n  in DMF a f t e r  the a d d i t i o n  o f  f l u o r i d e s  to the mu­
n i c i p a l  water  sup pl ies  in pr op or t io ns  o f  1 ppm of  f l u o r i d e  
in the wa ter  are presented in Table  I  and Figure 1.
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TABLE I
RESULTS OF FLUORIDATION STUDIES AS REPORTED 
IN SEVERAL CITIES
City Datestarted Report period
Age
group
% of  Reduction 
in dental decay 
Perm. Primary
Grand Rapids, Mich. January,
1945































Sheboygan, Wis. March, 1946 After 5.5 yrs. 5-6 54
9-10 30
12-14 23










Lewiston, Idaho June, 1947 After 3 yrs. 7 58
8 35
9 25
Madison, Wis. June, 1948 After 3.5 Kinder­
.yrs. garten 48
*In March 1951, investigators at Evanston reported a 73% increase in 
the number of 12-13 and 14-year-old children who were immune to dental 
caries. In March 1952, af ter  four years of f luoridation,  the same inves­
tigators reported a decrease of approximately 50% in the number of de­
cayed permanent teeth among al l  Evanston school children, but specific 
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F igure  1. Percentage o f  c h i l d r e n  ages s i x  to nine w i th  a l l  
t h e i r  deciduous molars present  and c a r i e s  f r e e  
in Kingston ( c o n t r o l )  and Newburgh ( e x p e r i m e n t a l ) ,  
New York ( 7 ) .
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F l u o r i n e ,  the Element
F luor ine  is  a gas, very pale greenish ye l low  in c o l o r ,  
having an odor suggest ing c h l o r i n e  and ozone, but much m i l d e r ,  
less i r r i t a t i n g ,  and not unpleasant .  I t s  symbol is F, and i t  
is a halogen wi th  an atomic weight  of  19. As i t  is excep­
t i o n a l l y  a c t i v e  c h e m ic a l ly ,  f l u o r i n e  is  never found f re e  in 
n a t u r e ,  but only in combination as the f l u o r i d e .  The most 
abundant f l u o r i n e  compound in nature is  f l u o r s p a r  (calcium  
f l u o r i d e ,  CaFg).  Other compounds are c r y o l i t e  (sodium a lu m i ­
num f l u o r i d e ,  Na3A l F g ) ,  and a p a t i t e  (ca lc ium phosphate,  c a l ­
cium f l u o r i d e ,  3 Ca3 (PO^)gCaFg) ,  which suppl ies some f l u o r ­
ine compounds as a by-product  in the manufacture o f  f e r t i ­
l i z e r  ( 4 1 ) .
F l u o r i n e  has such a strong a f f i n i t y  f o r  hydrogen t h a t  
i t s  pr e pa ra t io n  requi res  the complete absence o f  water .  The 
r ea c t io n  of  water  usu a l l y  gives h y d r o f l u o r i c  ac id and ozone,  
or a f l u o r i d e  oxide F^O. The r eac t i on  o f  f l u o r i n e  wi th  
hydrogen gas produces f lame and i t s  r e a c t io n  wi th  some o r ­
ganic l i q u i d s  is ex p lo s ive  ( 4 1 ) .
Sea water  contains approximately 1 ppm o f  the element  
and i t  is present  in varying amounts in publ ic  water  sup­
p l i e s  o f  t h i s  count ry .  H i l l  and co-workers (47)  in d i c a te d  
t h a t  o f  6 ,299 pu b l i c  water  suppl ies examined, 1 ,416 or  22.3% 
contained an excess o f  0 . 6  ppm of  f l u o r i d e  and many o f  the 
remaining suppl ies contained l e s s e r  amounts.
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Physiology of  F luor ides
I t  should be noted t h a t  a l l  o f  the previous references  
deal w i th  humans. However, much work wi th  f l u o r i d e s  has been 
done wi th  exper imental  animals.  The i n f orm at ion  gathered has 
uncovered some very i n t e r e s t i n g  knowledge wi th regard to the 
body's u t i l i z a t i o n  and ex c re t i on  of f l u o r i d e s .
Ab sor pt io n . The data gathered regarding absorpt ion of  
f l u o r i d e s  may be c l a s s i f i e d  wi th  regard to:  1) changes in
t e e t h ;  2) i n j u r i o u s  e f f e c t s  on l i v e s t o c k ;  3) experiments i n ­
volving animals;  and 4)  balance experiments in which human 
exper imental  subjects  were used ( 8 0 ) .
Z ipk in  and McClure (110 )  repor ted t h a t  in t h e i r  work 
with ra ts  of  var ious ages they found t h a t  the animal body 
accumulated f l u o r i d e  a t  a comparat ive rapid r a t e  during  
growth,  but reached a r e l a t i v e l y  constant  l e v e l  of  s k e l e t a l  
f l u o r i d e  at  m a t u r i t y .  This is  app are nt l y  v a l i d  provided the 
f l u o r i d e  in ta ke  remains s t a b i l i z e d .  I t  appears t h a t  the  
grown r a t  shows a d im in ish ing  a b i l i t y  to s t ore  f l u o r i d e  in 
the bones and t e e t h  w i th  advancing age,  and, a f t e r  the per iod  
of  rap id  growth,  accumulates l i t t l e  or  no a d d i t i o n a l  f l u o r i d e .
However, Lawrenz and M i t c h e l l  (61)  repor ted  work wi th  
rats which seemed to show t h a t  the r e l a t i v e  amount of  f l u o r ­
ide absorbed by these animals was reduced when the in take  of  
calcium was e le v a te d .  Rats given food wi th a higher  concen­
t r a t i o n  o f  calcium r e t a i n e d  in t h e i r  bones a s i g n i f i c a n t l y  
smal le r  amount o f  f l u o r i d e  than did the o ther  groups of  r a t s .
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Jackson and co-workers ( 5 0 ) ,  as a r e s u l t  o f  t h e i r  work,  f e l t  
t h a t  f l u o r i n e  abso rpt io n  was depressed by the h igh er  concen­
t r a t i o n  of  calc ium.
E x c r e t i o n . Largent  (56)  i n d i c a t e d  t h a t  e l i m i n a t i o n  of  
absorbed f l u o r i d e s  may lead to abnormal ly  high l e v e l s  o f  u r i ­
nary f l u o r i d e  e x c r e t i o n ,  and t h a t  unusual amounts o f  f l u o r i d e  
are a lso excre ted  through the s k in .  McClure and Kinser  (75)  
found a degree o f  p o s i t i v e  c o r r e l a t i o n  between c o n c e n t ra t i o n  
of  f l u o r i d e  in u r i n e  and t h a t  in  the d r i n k i n g  w a t e r .  Other  
i n v e s t i g a t o r s  found a s i m i l a r  s i t u a t i o n  ( 2 ,  5 ,  16,  31 ,  35,
65,  6 7 ) .
I t  i s  a lso i n t e r e s t i n g  to note t h a t  increases  in u r i ­
nary f l u o r i d e  e x c r e t i o n  are repor ted  by i n v e s t i g a t o r s  who 
studied r e s id e n t s  of  c e r t a i n  communit ies which had f l u o r i ­
dated wa ter  a v a i l a b l e  ( 1 ,  5,  16,  18,  19 ,  20 ,  22,  29 ,  34 ,  56,  
58,  69,  71,  92,  97 ) .  Blood l e v e l s  do not  always hold t rue  
probably due to a n a l y t i c a l  d i f f i c u l t i e s  f r e q u e n t l y  encoun­
tered  in  the course o f  de termining f l u o r i d e  content  of  b i o ­
l o g i c a l  m a t e r i a l s  ( 6 0 ) .
McClure et  a l .  (73)  compiled complete data f o r  in t a k e  
and output  o f  f l u o r i d e  in a group of  14 d i f f e r e n t  exper imen ts ,  
each o f  f i v e  days d u r a t i o n .  Under "c om for tab le"  c o n di t i on s  
the average amount of  absorpt ion  o f  f l u o r i d e  recovered in 
the ur ine  was 77.5%. Under c on d i t i o n s  t h a t  were "h ot - m ois t"  
only 55% o f  the amount absorbed was recovered in the u r i n e .  
Thus, i t  is e v i d e n t  t h a t  s i g n i f i c a n t  amounts of  f l u o r i d e  may
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be l o s t  through the human s k i n .
Balance Stu d y . An i n t e r e s t i n g  study exper iment  to  
determine normal f l u o r i d e  balances was designed by Machle et  
a l . ( 6 7 ) ,  using a co n t ro l  balance study on a human e x p e r i ­
mental  s u b j e c t .  A young man wi th  adequate chemical  t r a i n i n g  
(so he could p r o p e r l y  take  samples o f  his d i e t )  was s e l e c t e d . 
The per iod o f  study extended from October 23,  1939,  u n t i l  
A p r i l  29,  1940.  Data were analyzed f o r  the l a s t  f o u r  months 
of  the exper iment .  This s u b je c t  cont inued on his usual d i e t .  
The mean d a i l y  f l u o r i d e  i n ta k e s  from a l l  foods and f l u i d s  
were t a b u l a t e d  and the t o t a l  i n t a k e  was less than 0 . 5  mg per  
day. I t  should be noted t h a t  almost twice as much f l u o r i d e  
is  c o n t r i b u t e d  by the f l u i d  p o r t i o n  of  the d i e t .  The s t a t i s ­
t i c a l  a na l ys is  was very comprehensive and gave normal d i s t r i ­
but ion curves.  During t h i s  per iod o f  study about 80% of  the  
f l u o r i d e  in the ingested  p o r t i o n  was a v a i l a b l e  f o r  absorp­
t i o n .  The f l u o r i d e  i n t a k e  and output  very c l o s e l y  p a r a l ­
l e l l e d  each o t h e r .  The conclus ion was t h a t  w i th  the sub je c t  
on a normal d i e t ,  e x c r e t i o n  equals i n t a k e  i f  excessive losses  
by p e r s p i r a t i o n  are avoided,  and i f  the study is  extended  
s u f f i  ci e n t l y .
This work i n d i c a t e s  t h a t  s torage  and accumulat ion of  
f l u o r i d e  in the s k e le to n  does not occur a t  i n t a k e  l e v e l s  
above 0 . 5  mg per diem and s h o r t e r  per iods o f  study on o th er  
exper imental  sub jec ts  who ingested in the neighborhood of  
1 mg of  f l u o r i d e  per diem i n d i c a t e d  t h a t  t h i s  r e l a t i o n s h i p
22
holds t ru e  a t  t h a t  l e v e l  as w e l l .  These r e s u l t s  are most 
impor tant  since they i n d i c a t e  t h a t  over 80% of  the f l u o r i d e  
ingested is absorbed and t h a t  a l l  t h i s  absorbed f l u o r i n e  is 
l o s t  by way o f  the u r i n a r y  exc re t ion  in the a d u l t .  I t  t h e r e ­
fore fo l l ows  t h a t  u r i n a r y  e x c re t i on  can be used as a measure 
of  f l u o r i d e  i n g e s t i n g .  In a d d i t i o n ,  no c l i n i c a l ,  roentgeno­
l o g i c a l  or o ther  evidence of  i l l  e f f e c t s  r e s u l t i n g  from the 
in g e s t io n  of f l u o r i d e  up . t o  1 .5  mg per diem was not iced in 
t h i s  and other  s ub je c ts .  This author n e c e s s a r i ly  concludes 
t h a t  f l u o r i d e s  ingested in propor t ions  o f  1 ppm can in no 
way d e l e t e r i o u s l y  a f f e c t  the human body.
Toxi ci t.y
F luor ide  Ing es t io n  and Bone Changes. Largent  e t  a l ,  
( 5 7 ,  59) fed r a ts  wi th d i e t s  conta in ing  f l u o r i d e  to the ex­
t e n t  o f  12 to 50 mg/kg/day f o r  a per iod of  16 to 92 days. A 
propor t ion  of  t h i s  amount of f l u o r i d e  taken in by man would 
be h i g h l y  t o x i c  and almost impossible to ingest  through o r d i ­
nary d i e t .  Microscopic bone changes developed in every a n i ­
mal so f e d ,  and the f l u o r i d e  content  of  the ske leton  i n ­
creased g r e a t l y .  Roentgenograph!c examinat ion f a i l e d  to 
reveal  the presence of  these e a r l y  bone changes. The new 
bone r e s u l t i n g  from excessive absorpt ion o f  f l u o r i d e  by rab­
b i t s  had a n o n - s p e c i f ic  basic a r c h i t e c t u r e  t h a t  gave a gen­
era l  resemblance to the ca l lous  r e s u l t i n g  a f t e r  f r a c t u r e s .
There appeared to be a d i f f e r e n c e  in symptoms between 
men exposed to f l u o r i n e  in i nd us t r y  and people ing est ing  
water  con ta in ing  as much as 3 ppm of  f l u o r i n e  over var ious
per iods o f  t ime .  X- ray evidence of  f l u o r o s i s  in i n d u s t r y  was 
found by Bishop ( 1 1 ) ,  M i l l e r  ( 8 0 ) ,  Roholm ( 8 5 ,  8 6 ) ,  and 
W i l k i e  ( 1 0 6 ) .  Hodges (51)  and Coley (25 )  s tud ied  people who 
ingested water  c o n ta in in g  as much as 3 ppm of f l u o r i d e  over  
var ious  per iods of  t ime ,  the lo nge st  being 61 y e a r s .  No e v i ­
dence o f  bone change was found in the X- ray  photographs.  
Reports from Kemp e t  a l . ( 5 6 ) ,  Mascheroni et  a l . ( 7 3 ) ,  
Capizzano e t  a l .  (22 )  and Linsman and McMurray (69)  i n d i c a t e d  
t h a t  the in g e s t i o n  o f  water  c o n t a i n i n g  f l u o r i n e  (3 to 16 ppm) 
may not be regarded as harmless u n t i l  more evidence is  a v a i l ­
a b l e .  However,  nothing in the l i t e r a t u r e  gave evidence of  
bo d i l y  damage o f  any s o r t  a t  the l e v e l  of  1 ppm of  f l u o r i d e  
ingested  in w a te r .
A roentgenographic  survey o f  114 persons who had l i v e d  
f o r  a t  l e a s t  15 years a t  B a r t l e t t ,  Texas,  where the content  
of  f l u o r i n e  is  8 ppm, r e v e a le d  minimal  evidence o f  an i n ­
crease in the d e n s i t y  o f  the bones o f  only 12% o f  those ex­
amined,  but in no case was th e r e  any i n t e r f e r e n c e  wi th  the  
use o f  the bones and j o i n t s  ( 9 1 ) .  Medical  e x am in at i on ,  which 
inc luded  u r i n a l y s i s  and blood counts ,  revea led no evidence  
t h a t  the r e s i d e n t s  o f  B a r t l e t t  were less he a l t h y  than those  
of  nearby Cameron, where the  water  conta ined only  0 .3  ppm 
(47 ) -
F l u o r i d e s  and the P u b l i c  Hea l th
Much work has been done and r e s u l t s  publ ished on the  
e f f e c t  o f  the i n t a k e  of  f l u o r i d a t e d  water  on denta l  c a r i e s  in  
c h i l d r e n  ( 7 ) .
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Hodge and Smith (50)  c l a s s i f y  the important  c l i n i c a l  
e f f e c t s  o f  f l u o r i d e  in to  four  groups: 1) acute poisoning;
2) chronic h igh-grade  poisoning;  3) chronic low-grade poison­
ing;  and 4) p r e v e nt iv e  d e n t i s t r y .
Acute poisoning causes a t y p i c a l  r a p i d i t y  of  death  
( 6 3 ) .  Chronic high-grade poisoning requ i res  an extended 
per iod of  years during which la rge  d a i l y  doses must be ab­
sorbed.  Chronic low-grade poisoning causing mot t led enamel 
has been thoroughly studied by Dean et  a l .  ( 3 4 ) .  Pr event ive  
d e n t i s t r y  has been discussed pr ev io u s l y  in t h i s  paper under  
the t i t l e  “ R e la t io ns h ip  Between F l u o r i d a t e d  Water and Dental  
C a r i e s . "  A comparison between these types can be seen in 
Table I I .
Roholm (90)  and Smith e t  a l . (99)  have reviewed 60 
and 77 deaths a t t r i b u t e d  to f l u o r i d e s ,  r e s p e c t i v e l y .  I t  was 
est imated t h a t  a r e t a i n e d  dose of  5 to 10 grams of  sodium 
f l u o r i d e  would be l e t h a l .  When i t  is  r e a l i z e d  t h a t  a f u l l  
qua r t  o f  f l u o r i d a t e d  water  must be taken in to inge st  1 mg 
d a i l y  a t  1 ppm an acute l e t h a l  e f f e c t  is  imposs ib le .  I t  is  
concluded t h a t  a s a f e t y  f a c t o r  of  2500 to 5000 t imes is es­
t a b l i s h e d .  Even d iv id ed  by 10, a s a f e t y  f a c t o r  f o r  a c h i l d  
is  so gr ea t  t h a t  i t  i s  impossible  f o r  anyone to i n g e s t  d a i l y  
the amount o f  f l u o r i d a t e d  water  necessary to cause any por ­
t io n  o f  an acute phase o f  t o x i c i t y .  Hodge and Smith (50)  
made a very i n t e r e s t i n g  comparison: "For a c i t y  l i k e  Roches­
t e r ,  New York,  to add to the water  supply a s u f f i c i e n t  amount 
to be a c ut e ly  t o x i c ,  a t o t a l  o f  400 tons o f  sodium f l u o r i d e
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TABLE I I
SYMPTOMS OF VARYING DOSES OF FLUORINE
Category Dosefrequency Amount Time
Clinical
effect
Acute poisoning Single 5-10 g 2-4 hrs Death
Chronic, high-grade 
poisoning
Daily 20-80 mg 
or more
10-20 yrs Cri ppli ng 
f l  uorosis
Chronic, low-grade 
poisoning
Daily 2-8 mg or 
more
Daily during 
f i r s t  8 yrs 
of l i f e
Mottled 
enamel
Preventive dentristry Daily 1-1.5 ppm 
in water
First  8 yrs 





would have to be added to the volume o f  water  d i s t r i b u t e d  
d a i l y  to the c i t y .  The bin in Rochester  t h a t  adds f l u o r i d e  
to the water  has a hopper t h a t  conta ins  1 ,000 l b s ;  and acute  
poisoning is  mechanica l ly  imp os s ib le . "
The p r o t e c t i v e  denta l  aspects o f  f l u o r i d a t i o n  are  
imp ress ive .  . Many prominent  a u t h o r i t i e s  concur very p o s i ­
t i v e l y  in the opinion t h a t  the m at te r  o f  dental  b e n e f i t s  are  
beyond doubt ( 3 ,  4 ,  15,  31,  41 ,  42 ,  45 ,  49 ,  51,  62 ,  70,  75,  
8 9 ) .
Comparisons o f  the m o r t a l i t y  r a t e s  from n e p h r i t i s ,  
h e a r t  disease or cancer  in the high and low f l u o r i d e  areas  
have f a i l e d  to show any a s s o c i a t i o n  o f  these d iseases wi th  
the f l u o r i d e  content  o f  the wate r .  In c on c l us i on ,  the  f i n a l  
r e p o r t  o f  the Delaney Commi t t e e  (42 )  admit ted t h a t  " the  major  
p o r t i o n  o f  s c i e n t i f i c  op inion is t h a t  f l u o r i d a t i o n  o f  d r i n k ­
ing water  o f  amounts o f  1 ppm presents no hazard to the  
p u b l i c  h e a l t h , "  and t h a t  "such h i g h ly  q u a l i f i e d  and r e p u t ­
ab le  o r g a n i z a t i o n s  as the American Medical  A s s o c i a t i o n ,  
Na t iona l  Research C o u n c i l ,  the American Pub l ic  H e a l th  Asso­
c i a t i o n ,  the American Dental  A s s o c i a t i o n ,  and the As soc ia ­
t i o n  of  S t a t e  and T e r r i t o r i a l  Hea l th O f f i c e r s  had endorsed  
the program o f  f l u o r i d a t i n g  the p u b l ic  d r i n k i n g  w ate r  supply .
Da i ry  Products as an I n h i b i t o r  
of  Dental  Car ies
A g r e a t  deal o f  evidence has been accumulated to  show 
t h a t  an adequate d i e t  of  d a i r y  products is an e f f e c t i v e  den­
t a l  c a r i e s  i n h i b i t o r .
Shaw (27 )  of  Harvard U n i v e r s i t y  designed a study to 
t e s t  the i n f l u e n c e  of  m i l k  and s p e c i f i c  d a i r y  foods on the  
s u s c e p t i b i l i t y  o f  t e e t h  to decay.  A s t r a i n  of  Navy r a t s  were 
fed a d i e t  which caused a known amount o f  denta l  c a r i e s  in 
the t e s t  an imals .  To t h i s  d i e t  was added whole m i l k ,  
chocola te  d r i n k ,  cheddar cheese or  ic e  cream alone or in  
combinat ion.  These foods were fed in the amounts comparable 
to what a c h i l d  might e a t  i f  he fo l low ed d i e t a r y  recommenda­
t ions  f o r  m i l k  and d a i r y  foods.  Resul ts  showed t h a t  tooth  
decay was reduced where m i lk  in any form was added to a d i e t  
which causes denta l  c a r i e s  a t  a p r e d i c t e d  r a t e  in a s t a n d a r d ­
i ze d  colony o f  c a r i e s - s u s c e p t i b l e  r a t s .
Calcium U t i l i z a t i o n . I t  i s  thought  t h a t  m i lk  i s  o f  
va lue  dur ing the per iod o f  animal development p r i m a r i l y  as a 
source o f  r e a d i l y  a v a i l a b l e  calc ium ( 4 ) .  M i l k  and d a i r y  
foods prov ide  t h r e e - f o u r t h s  o f  the calcium in our food supply.  
M i l k  calc ium i s  e q u a l l y  a v a i l a b l e  to man whether  consumed in  
raw m i lk  or in any of  the  many processed m i l k  and d a i r y  foods.  
U t i l i z a t i o n  of  m i lk  ca lc ium is  favored by the presence o f  
o t h e r  components of  m i l k :  phosphorus,  l a c t o s e ,  v i tam in  A,
p r o t e i n ,  f a t  and v i ta m in  D. V i t amin  D is  the n u t r i e n t  which 
most i n f l u e n c e s  calc ium u t i l i z a t i o n  w i t h i n  the body; phos­
phorus i s  the most imp or ta n t  mineral  r e l a t e d  to  calcium be­
cause o f  i n t e r r e l a t i o n s h i p s  in metabol ism;  and p a r a t h y r o i d  
hormone i s  the  f a c t o r  w i t h i n  the body which plays the g r e a t ­
e s t  cover ing  r o l e  in metabol ism of  ca lc ium.  Data from balance  
s tu d i e s  c o n s t i t u t e  the major  evidence on which to base d i e t a r y
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recommendations f o r  calcium intakes  at  the present  time ( 3 9 ,  
48,  96,  99,  104 ) .
P lacenta l  F l u o r i d e s . One r e p o r t  i n v e s t i g a t i n g  f l u o r ­
ide p la c e n ta l  values wi th mothers during pregnancy when t h e i r  
dr i n k i n g  water  contained f l u o r i d e  was made by L i g h t  ( 6 8 ) .
Both the water  in t a k e  and the mi lk  in ta k e  were noted and i t  
was shown t h a t  the le ve l  o f  p la ce nta l  c on ce nt r a t ion  increased  
as the mothers consumed more mi lk  whi le  no change was noted 
as the amount of  f l u o r i d a t e d  water  consumed increased.  While  
only a l i m i t e d  number of  sub jects were i n v e s t i g a t e d ,  i t  was 
found t h a t  p l a c e n ta l  f l u o r i d e  values p a r a l l e l e d  the mi lk  
in ta ke  and not the water  i n t a k e .  This is shown in Table I I I .
Summary
In view o f  the preceding l i t e r a t u r e  rev iew,  the f o l ­
lowing summary conclusions may be drawn:
1. F l u o r i d a t e d  water  a t  l e v e l s  o f  1 .0  to 1.2 ppm 
d e f i n i t e l y  i n h i b i t  dental  c a r i e s  when ingested a t  the time 
of enamel c a l c i f i c a t i o n .
2. There is  a d e f i n i t e  r e l a t i o n s h i p  between an ex­
cess (over  2 ppm) o f  ingested f l u o r i d e  and mot t led enamel 
when the in t a k e  occurs a t  the t ime o f  tooth enamel c a l c i f i ­
c a t i o n .  A f t e r  c a l c i f i c a t i o n ,  no amount o f  f l u o r i d e  ingested  
w i l l  cause mot t led enamel.
3. Dental  f l u o r o s i s  (mott led enamel) does not occur  
when f l u o r i d e  l e v e l s  of  1 .0  to 1 .2  ppm are ingested at  any 
age.
TABLE I I I
DAILY FLUID INTAKE AND FLUORIDE INGESTION FROM WATER
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a Includes-coffee, soup, and s o ft drinks, but not c itru s  ju ices .
bMost o f the 9-month-old children had been on a formula o f 50% water and 50% condensed m ilk. This 
would ind icate  th a t at an age o f 1 week the baby would consume about 240 yg flu o rid e /day  which would in ­
crease to some 480 yg a t weaning. Whole m ilk would then be substituted which contained very l i t t l e  
flu o rid e . In the case o f the ch ild  o f W, the values were 320 and 640 yg, resp ective ly , since more water 
had been used in  the formula.
cHeavy consumer o f carbonated beverages.
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4. There is no t o x i c i t y  in humans when f l u o r i d e  l e v e l s  
of  1 ppm are ingested and no disease can be a t t r i b u t e d  to i n ­
gest ion o f  f l u o r i d e s  a t  t h a t  l e v e l .
5. At a l e v e l  o f  1 ppm f l u o r i d e  can be s tored in the 
t e e t h  and bones o f  the young and form s t ro ng ,  hea l t hy  t e e t h  
but in adu l ts  i t  i s  t o t a l l y  e x c re t e d ,  g iv ing  no h e lp ,  per se,  
but causi ng no harm.
6 . The use of f l u o r i d e s  is a d e f i n i t e  asset  fo r  the  
pu bl i c  h e a l t h .
7. Da iry  products have value as a dental  c a r i e s  i n ­
h i b i t o r  when consumed in s u f f i c i e n t  q u a n t i t i e s  by the young.
MATERIALS AND METHODS
A comprehensive l i t e r a t u r e  review did not  uncover any 
organized methods f o r  making t h i s  type of  b i o a v a i l a b i l i t y  
i n v e s t i g a t i o n .  T h e r e f o r e ,  i t  became necessary to develop a 
model system f o r  performing t h i s  p r o j e c t ,  and f o r  f u t ur e  
measurements of io n i c  t r a n s p o r t  from a f l u i d  to the t e e t h ,  
which might be made in o ther  research l a b o r a t o r i e s .
Statement of  Objec t ives
The experiments planned f o r  t h i s  study were designed 
to accomplish the f o l l o w i n g  o b j e c t i v e s :
1. To determine the a v a i l a b i l i t y  o f  f l u o r i d e  in 
f l u o r i d a t e d  f r e e z e - d r i e d  m i l k .  The r e s u l ts  from these t e s t s  
w i l l  v e r i f y  i f  the des i red  amount o f  f l u o r i d e  is a v a i l a b l e  
when the powdered mi lk  is  r e c o n s t i t u t e d ,  i f  the proport ion  
of i o n ic  f l u o r i d e  in the r e c o n s t i t u t e d  mi lk is  e s s e n t i a l l y  
the same as in the f l u o r i d a t e d  whole m i l k ,  and i f  the soluble  
calcium in mi lk  combines wi th the supplemental  f l u o r i n e  to 
form CaF2 in appr ec ia b le  q u a n t i t i e s .
2. To determine and eva lua te  the i o n i c  f l u o r i d e  
t ra n s p o r t  rates  t h a t  take  place from mi lk and water  to t e e t h .  
The data so obtained w i l l  help make decision on the choice
of medium f o r  f l u o r i d e  in c o r p o r a t i o n .
3. To prepare an exper imental  design f o r  the above 
o b j e c t i v e s  and to analyze a l l  the exper imental  data wi th  the
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use of a computer in or der  to make s t a t i s t i c a l l y  s i g n i f i c a n t  
conelusions.
4. To organ ize  the f in d i n g s  i n t o  a model system 
which can be made a v a i l a b l e  f o r  f u t u r e  b i o a v a i l a b i l i t y  
research.
B i o a v a i l a b i l i t y  Studies
The work on the b i o a v a i l a b i l i t y  s tu d ies  cons is ted o f  
dehydra t ing f l u o r i d a t e d  whole m i lk  fo l lowe d by a de t ermina­
t i o n  of  f l u o r i d e  in the r e c o n s t i t u t e d  m i l k ,  w i th  and w i th ou t  
the a d d i t i o n  o f  calc ium carbonate .
The f l u o r i d a t e d  m i l k  was f r e e z e - d r i e d ,  because t h i s  
equipment was a v a i l a b l e  in the l a b o r a t o r i e s  a t  the Depar t ­
ment o f  Food Sc ience ,  Lou is iana S t a t e  U n i v e r s i t y .
Pr ep ar a t i o n  and Freeze-Dr .ying  
o f  F l u o r i d a t e d  M i lk
A t o t a l  o f  35 .3 6  mg o f  A .C.S .  sodium f l u o r i d e  was 
weighed and d is s o lv ed  in  8 ml o f  d i s t i l l e d  water  (31 .54  
pg ) .  The s o l u t i o n  was mixed w i th  one g a l l o n  o f  m i l k ,  and 
f rozen  in a s t a i n l e s s  s t e e l  t r a y  in an a i r  b l a s t  f r e e z e r  f o r  
12 hours. The pr e f r o ze n  m i l k  sample was then placed in the  
V i r t i s  f r e e z e  dry er  a t  -4 0  C. When the pressure in the cham­
ber reached 50 microns as shown on the vacuum gauge, the  
heat  swi tch was turned on the f l u i d  temperature  contro l  was 
set  at  100 F. Sub l im at ion  s t a r t e d  as heat  was app l ied  to 
the she lves.
S h e l f  and condenser temperatures were p e r i o d i c a l l y
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checked to in su re  proper  c on d i t i o n s  dur ing the drying pr o ­
cess. End p o i n t  was determined by the appearance of  a mi lky  
whi te  c o l o r .  The dry ing per iod was 72 hours.  The s t a i n l e s s  
s te e l  t r a y  co n ta in in g  the dry m i lk  powder was removed from 
the dry ing  chamber,  the m i l k  powder was p u l v e r i z e d  and 
sealed in a p l a s t i c  bag f o r  f u t u r e  a n a l y s i s .
D e s c r i p t i o n  of  the F r e e z e - D r y e r . The equipment used 
in t h i s  i n v e s t i g a t i o n  was a USM-15 model V i r t i s  Fr e e ze -D r y e r  
c o n s i s t i n g  o f  two f i x e d  b lack  anodized aluminum shelves f o r  
r ap id  f r e e z i n g  o f  the product  below the e u t e c t i c  temperature  
of  w a t e r .  The shelves are mounted i n s i d e  the s t a i n l e s s  
s t e e l  vacuum chamber w i th  two accessory heat ing  p la tens  
( F i g .  2 ) .  The heat ing  p l a t e n s  are  surrounded by s h e l f  c o i l s ,  
which are  connected by the main heat ing e lement .  The main 
heat ing  element  and the c o i l s  are heated by c i r c u l a t i n g  hot  
s i l i c o n e  f l u i d  through them, and an a d j u s t a b l e  thermosta t  
r e g u l a t e s  the tempera ture  o f  the s i l i c o n e  f l u i d  between 60 F 
and 250 F. Th is  arrangement works as a c o n t r o l  dev ice to 
i n cr ea se  or decrease the heat  i n p u t  necessary f o r  the s u b l i ­
mation o f  i c e .  Vacuum up to 30 microns o f  Hg can be ob­
t a i n e d  in the s t a i n l e s s  s t e e l  vacuum chamber,  and develops a 
pressure from 0 to 5 ,000  microns o f  Hg. A condenser capable  
of  c o o l i ng  up to -50 C and placed i n s i d e  the l a t e r a l  wa l l  of  
the chamber surrounds the chamber, and the water  due to the  
s u b l i m a t i on  o f  ice  is  c o l l e c t e d  and depos i ted as f r o z e n  
water  on the i n t e r i o r  wa l l  o f  the chamber. The s h e l f  and
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F igure  2. D e s c r ip t i o n  o f  the f r e e z e - d r y e r
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condenser chamber temperatures are cont inuous ly  monitored  
by a thermometer- type e l e c t r o n i c  i n d i c a t o r .
Determinat ion o f  F lu or id e  in M i l k . The f l u o r i d e  was 
determined p o t e n t i o m e t r i c a l l y  using a s p e c i f i c  ion f l u o r i d e  
e lec t ro de  in conjunct ion wi th  a standard s in g l e  j u n c t i o n  
s leev e- ty pe  re ference e le c t r o d e  and a pH meter having an ex­
panded m i l l i v o l t  scale .  The f l u o r i d e  e l e c t r o d e  cons ists  of  
a lanthanum f l u o r i d e  c r y s t a l  across which a p o t e n t i a l  is  
developed by f l u o r i d e  ions.  The m i l l i v o l t  i n v e s t i g a t i o n s  
were performed using the Orion Model 801 d i g i t a l  pH/MV meter  
and the Orion Model 94-09 f l u o r i d e - s p e c i f i c  ion e l e c t r o d e  
used in combination wi th  a refe rence  e l e c t r o d e .
Prepara t ion  of  F l u o r id e  Standard S o l u t i o n . I n t e r n a l  
f l u o r i d e  standards were made by d is s o l v i n g  sodium f l u o r i d e  
in 50 ml homogenized whole mi lk  in such conc ent ra t ion  as to 
give 0 . 3 ,  0 . 5 ,  1 . 0 ,  2 .0  and 3.0 micrograms of f l u o r i d e  f o r  
each m i l l i l i t e r  o f  m i lk .  To each of  these 50-ml standards  
( a f t e r  pH adjustments to 5 . 0 - 5 . 5 )  TISAB b u f f e r  s o l u t i o n  
(Total  Ion ic  Strength Adjustment B u f f e r  con s is t ing  of  57 ml 
of g l a c i a l  a c e t i c  acid + 58 grams o f  NaCl + 4 grams o f  c y c l o -  
hexy lenediaminete t ra  a c e t i c  ac id .  The mixture was d i l u t e d  
to one l i t e r  in de ionized d i s t i l l e d  w a te r )  was added, placed  
on a magnetic s t i r r e r  and mixed a t  medium speed. Elec trodes  
were then immersed in the s o l u t io n  and the m i l l i v o l t  reading  
taken a f t e r  about f i v e  minutes when a s ta b l e  reading was
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obta ined.  Pure m i l k  gave a read ing  s i m i l a r  to de ion ized  
w a te r ,  i n d i c a t i n g  t h a t  p r a c t i c a l l y  no f l u o r i d e  was present .
The r e s u l t s  were p l o t t e d  on a semi 1og ar i thm ic  paper  
wi th  m i l l i v o l t  readings on the abscissae and conc ent ra t i ons  
on the l o g a r i t h m i c  s ide  o f  the s c a l e ,  o r d i n a t e  ( F i g .  3 ) ,
Measurement o f  F l u o r i d e  in F r e e z e - D r i e d  M i l k . A two-  
gram sample o f  f r e e z e - d r i e d  m i l k  was added to 50 ml o f  de­
io n i z e d  water  and heated g e n t l y  u n t i l  d i s s o l v e d .  A f t e r  c o o l ­
i n g ,  50 ml of  TISAB b u f f e r  was added to ins u re  t h a t  the pH 
remained in t h a t  range.  The sample was then placed on a mag­
n e t i c  s t i r r e r  and the e l e c t r o d e s  i n s e r t e d  and m i l l i v o l t  rea d­
ings taken when a s teady s t a t e  was reached.  Ten d u p l i c a t e  
samples were ana lyzed.  From the m i l l i v o l t  r e a d in g s ,  f l u o r i d e  
conce nt r a t ion s  were obtained  from the c a l i b r a t i o n  curve.
Measurement o f  the E f f e c t  o f  Ca+*  Ion in M i l k . M i l k  
i s  o f te n  consumed as p a r t  of  a meal or  w i th  bread,  c rackers  
or cake.  How can one be sure t h a t  ca lc ium from o t h e r  foods 
w i l l  not combine w i t h  i o n i c  f l u o r i d e  in the d i g e s t i v e  t r a c t  
to form an i n s o l u b l e  CaFg? I t  was decided to make some t e s t s  
using calcium c h l o r i d e  w i th  f l u o r i d a t e d  m i l k  to see i f  com­
b i n a t i o n  occurred.  F l u i ds  s t ay  in the stomach only  a few 
minutes and are absorbed i n t o  the body s h o r t l y  a f t e r  t h a t ;  
consequent ly ,  i f  t h e r e ' i s  a CaFg formed i t  could only a f f e c t  
absorpt ion  i f  i t  were formed q u i c k l y .  Time is  an impor tant  
f a c t o r .  The re fo re  i t  was reasoned t h a t  the amount o f  CaFg 
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Figure 3. C a l i b r a t i o n  curve f o r  f l u o r i d e  in m i l k .
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l o s t  w i th  a meal c o n t a i n i n g  much calcium.  I f ,  to take a 
round f i g u r e ,  50% o f  the f l u o r i d e  t i e d  up wi th  calc ium to 
form an i n s o l u b l e  calcium f l u o r i d e  l e a v in g  only 50% o f  the  
f l u o r i d e  in i o n i c  form a v a i l a b l e  f o r  abso rpt io n  by the body,  
then ob v i ou s l y  the f l u o r i d e  dosage must of  ne c e s s i t y  be i n ­
creased to make a v a i l a b l e  the needed i o n i c  amount.
F r e e z e - d r i e d  f l u o r i d a t e d  mi lk  used f o r  t h i s  i n v e s t i ­
ga t ion averaged 31 .54  micrograms o f  f l u o r i d e  ion per gram. 
T h e o r e t i c a l l y , 30 micrograms o f  f l u o r i d e  ions r e a c t  w i th  
3 0 .0  micrograms o f  ca lc ium ion to form calc ium f l u o r i d e .
For t h i s  i n v e s t i g a t i o n ,  f i f t e e n  d u p l i c a t e  2-gram 
samples o f  the f r e e z e - d r i e d  f l u o r i d a t e d  m i l k  were d is so lv ed  
in 35 ml o f  de i o n i z e d  water  a t  low heat w h i l e  s t i r r i n g .
These samples were a l lowed to cool to room temperature and 
were d i v i d e d  i n t o  t h r e e  batches of  f i v e  samples each.
To the f i r s t  batch 30 micrograms of  c a l c i um ,  e q u i v a ­
l e n t  to h a l f  o f  the f l u o r i d e  ion present  in the 50-ml sample,  
were added. To the second and t h i r d  batches 60 and 120 
micrograms o f  calc ium i o n ,  e q u i v a l e n t  to the t o t a l  f l u o r i d e  
content  and double the f l u o r i d e  c o n t e n t ,  r e s p e c t i v e l y ,  were 
added.
Calcium standards were made by d i s s o l v i n g  2 .497 grams 
of  A . C . S .  grade calc ium carbonate  in a minimal amount o f  
concent ra ted  HC1 and making up to a l i t e r .  This is  e qu iv a ­
l e n t  to 1000 micrograms o f  Ca++ per ml.  By 1 /100  d i l u t i o n  
o f  t h i s  a 10-microgram per ml s o l u t i o n  was ob t a i n e d .  By 
adding 3 ,  6 ,  and 12 ml o f  t h i s  10-ppm s o l u t i o n  to each of
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the f i r s t ,  second and t h i r d  batch samples, r e s p e c t i v e l y ,  
concent ra t ions  o f  30,  60 and 120 micrograms o f  Ca++ were 
added to the m i lk  samples. The samples were made up to 50 
ml wi th  de ionized water .
A f t e r  a wa i t i n g  per iod o f  one hour,  one sample from 
each batch was analyzed f o r  io n i c  f l u o r i d e  by using s p e c i f i c  
f l u o r i d e  ion e le c t r o d e  f o l l o w i n g  the same procedure descr ibed  
before .  S i m i l a r l y ,  a f t e r  w a i t i n g  per iods of  two, t h r e e ,  four  
and f i v e  hours,  one sample from each batch was determined f o r  
i t s  i o n i c  f l u o r i d e .
Topical  T r a n s f e r  o f  F lu or id e  from 
Fl u o r i d a t e d  Water and M i l k  to Teeth
I n t r o d u c t i o n . A review o f  l i t e r a t u r e  o f  the work p e r ­
formed on the t r a n s f e r  o f  f l u o r i d e  from water  to teeth  
enamel has shown t h a t  the r a t e  and mechanics of  f l u o r i d e  
t r a n s f e r  are dependent on such f a c t o r s  as 1) con ce nt ra t ion  
of f l u o r i d e  in  the t r a n s p o r t  medium; 2) the s ize  of  tooth  
which in e f f e c t  determines the sur face  area o f  the tooth ex­
posed to f l u o r i d e ;  3) the h i s t o r y  of  the t o o t h ,  whether or  
not the tooth  was exposed to f l u o r i d e  p r i o r  to i t s  s e l e c t i o n  
f o r  f l u o r i d e  ex pe r i me n ta t i on ;  4) du ra t ion  o f  exposure of  
tooth to f l u o r i d e ;  5) temperature of  f l u o r i d e  medium (1> 17,  
54, 55,  77, 78,  8 3 ) .
In order  to make a comparat ive study o f  the t r a n s p o r t  
r a t e  of  f l u o r i d e  from mi lk  to dental  enamel to t h a t  from 
water  and a lso to j u s t i f y  the c r i t e r i a  used f o r  the
40
s e l e c t i o n  o f  human t e e t h  used in the present  i n v e s t i g a t i o n ,  
i t  i s  a p p r o p r i a t e  to discuss b r i e f l y  var ious  t h e o r i e s  found 
in the l i t e r a t u r e  on the mode of  a c t i o n  o f  f l u o r i d e  in r e ­
ducing dental  c a v i t i e s .
The t r a n s p o r t  mechanism and mode o f  a c t i on  o f  f l u o r ­
ide  in  pr e ve nt i ng  dental  c a r i e s  is complex and i t s  g r e a t e r  
e f f e c t i v e n e s s  over  o th er  a n t i - c a r i e s  agents may f o l l p w  from 
i t s  power o f  a f f e c t i n g  c a r i e s  in severa l  ways. The most im­
p o r t a n t  a c t i on  i s  probably reducing the s o l u b i l i t y  o f  enamel 
in  a c i d s .  I t  has been demonstrated t h a t  f l u o r i d e  can bind 
t i g h t l y  to ground enamel or  whole t e e t h  in  v i t r o  and t h a t  
the s o l u b i l i t y  i s  thereby reduced.  Th is  was accepted as the  
mode o f  ac t ion  long before  any d i r e c t  comparisons were made 
of  the  s o l u b i l i t y  of  t ee t h  formed in areas wi th and w i th out  
f l u o r i d e  in w a t e r .  Such comparisons have shown a smal l  but  
c o n s i s t e n t  tendency f o r  the t e e t h  r e c e i v i n g  e x t r a  f l u o r i d e  
d u r i n g  format ion  to be less  so lu b le  ( 3 6 ) .  This is  p a r t i c u ­
l a r l y  t rue  of  a reas of  the enamel in which e a r l y  c a r i e s ,  or 
o t h e r  damage, i s  pre sent .  Once the o u t e r  enamel is  breached,  
f l u o r i d e  is  taken up so t h a t  the c o n c e n t ra t i o n  of  F in  
s l i g h t l y  c a r i o us  enamel is  severa l  t imes higher  than in i n ­
t a c t  enamel,  and i t s  i n f l u e n c e  in lowe r in g  s o l u b i l i t y  has 
been shown, which presumably means t h a t  the progress of  the  
l e s i o n  is delayed to an e x t e n t  p r o p o r t io n a l  to the  amount of  
F a v a i l a b l e .
At f i r s t ,  i t  was thought  t h a t  F reduced s o l u b i l i t y  by 
exchanging w i t h  OH ions in the a qu at i c  c r y s t a l ,  i . e . ,
converted p a r t  o f  the hydroxyapat i te  to f l u o r a p a t i t e , which 
was thought to be less solub le  (109,113). This hypothesis has 
been disputed on the grounds t h a t  only about one OH group in 
20 to 30 is replaced in the sur face o f  f luorosed  enamel which 
seemed too small  a propor t ion to be s i g n i f i c a n t  and also  
doubts have been expressed as to whether f l u o r a p a t i t e  r e a l l y  
i s  less s o l u b l e .  The evidence on these points is  i n d e c i s iv e .  
A second suggest ion ,  based upon observat ions in bone, is  
t h a t  higher  concent ra t ions o f  F f l u o r i d e  present  during  
enamel format ion lead to the deposi t ion of  l a r g e r  and more 
p e r f e c t  c r y s t a l s  which, w i th  a smal ler  sur face area per u n i t  
weight ,  would be expected to be less s o l u b l e .  I t  i s  estab­
l i s he d  t h a t  c r y s t a l s  in bone are l a r g e r  under the in f lue nc e
of  a high f l u o r i d e  intake and i t  has been c on v i nc i ng l y  shown 
f o r  enamel. Linked with the idea of  c r y s t a l  s i z e  is the com­
p e t i t i o n  of  f l u o r i d e  wi th carbonate ,  which blocks c r y s t a l
growth leading  to smal le r  c r y s t a l s ,  f o r  e n t r y  i n t o  the mole­
cule .  Once aga i n ,  the evidence is not unanimous but some of  
i t  suggests t h a t  the carbonate of enamel is  low when f l u o r i d e  
concentrat ion  is  high.
I f  enamel is  s l i g h t l y  deminera l ized and sof tened by 
ac id t rea tment  and then exposed f o r  some hours to a "min era l ­
i z i n g  s o l u t i o n , "  i . e . ,  a s o l u t i o n  s a tu ra t ed  wi th calcium and 
phosphate ions such as s a l i v a  and plasma, p r e c i p i t a t i o n  of  
a p a t i t e  w i l l  occur and the hardness w i l l  r e t u rn  toward i t s  
o r i g i n a l  va lue .  F luor ide encourages t h i s  p r e c i p i t a t i o n  and 
also appears to ensure t h a t  the p r e c i p i t a t e d  m a t e r i a l  is in
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the form of  a p a t i t e ,  as opposed to an amorphous p r e c i p i t a t e  
or to several  other  forms o f  calcium phosphate c r y s t a l s .  I t  
i s  be l ie ve d  t h a t  a s i m i l a r  process occurs in a car ious  
c a v i t y .  When the dental  plaque becomes a c i d ,  w i t h i n  5-10  
minutes a f t e r  e a t i ng  o f  carbohydrate,  i t  may reach a pH s u f ­
f i c i e n t l y  low to d is s o lv e  some enamel,  and as the pH r ise s  
during the next  30-60 minutes some of  the d isso lved calcium 
and phosphate may r e p r e c i p i t a t e  in the c a v i t y ,  resembl ing a 
hea l ing  process.  The higher  the con ce nt ra t ion  of F in the  
v i c i n i t y  o f  the c a r ie s  the g r e a t e r  w i l l  be the tendency f o r  
t h i s  p r e c i p i t a t i o n  to occur and the sm a l l e r  w i l l  be the ad­
vance of  d e m i n e r a l i z a t i o n  over  r e m i n e r a l i z a t i o n .
Another suggested way in which the F released from 
enamel may delay the car ious  a t t a c k  is by the p r e c i p i t a t i o n  
of  calcium f l u o r i d e  from the ions released from enamel on the 
remaining c r y s t a l s  which a c t  as a d i f f u s i o n  b a r r i e r  to acid  
and the products o f  d i s s o l u t i o n .  Since calc ium f l u o r i d e  is 
only moderately s o l u b l e ,  i t  i s  d i f f i c u l t  to b e l i e v e  t h a t  t h i s  
t r a i n  o f  events could occur.
Se le c t io n  o f  T e e t h . A l a r g e - s c a l e  i n v e s t i g a t i o n ,  in 
v i t r o ,  to study the e f f e c t  of  f l u o r i d e  using mi lk  as a medium 
f o r  prevent ing  dental  c a v i t i e s  is  almost a physical  impossi ­
b i l i t y .  The time invo lved f o r  c o l l e c t i n g  and s e l e c t i n g  to 
meet the des ired s p e c i f i c a t i o n s  and the a v a i l a b i l i t y  of  such 
tee th  from the human sub jects are the l i m i t i n g  f a c t o r s .
Work performed elsewhere s u b s t i t u t i n g  bovine t ee t h  f o r  human
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teeth has shown to be not v a l i d .  Thfc;efore,  t h i s  i n v e s t i g a ­
t io n  was designed to develop and analyze a model system with  
a l i m i t e d  number o f  t e s t  t e e t h  samples. The model system,  
with mi lk  as a t r a n s f e r  medium f o r  f l u o r i d e ,  is incorporated  
with a l l  the v a r i a b l e s  which have been repor ted to a f f e c t  
the f l u o r i d e  t r a n s f e r  mechanism in f l u o r i d a t e d  water .  The 
data obtained from a study of  such a model system, however 
small the t e s t  p o p u la t i o n ,  should give r e l i a b l e ,  p r e d i c t a b le  
and s t a t i s t i c a l l y  v a l i d  conclusions which can hold good or  
which can be i n t e r p o l a t e d  f o r  a study where a l a r g e r  sample 
popula t ion  is used.
The s e l e c t i o n  o f  human te e t h  f o r  the present  study 
was determined by the f o l l o w i n g  c r i t e r i a :
1) Two t e e t h  from an 1 8 - y e a r - o l d  male who had been on 
systemic f l u o r i d e s  a l l  his 1 i f e — f u l l  bony impacted t e e t h .  
These te e t h  were never exposed to oral  in f l uences  such as 
ac id-base  d i f f e r e n t i a l s  in food and d r i n k .
2) Four t e e t h  from an 1 8 - y e a r - o l d  male who had never  
had systemic f 1u o r i d e s - - f u l 1 bony impacted t e e t h .  These 
tee th  were never exposed to ora l  in f luences  such as a c id -  
base d i f f e r e n t i a l s  in food and dr i nk .
3) Four t e e t h  from two 4 0 - y e a r - o l d  males (two each)  
f u l l y  e rupted;  cont inua l  exposure to a l l  manner of  food and 
d r i n k ;  no systemic f l u o r i d e .
The p a t i e n t s  whose te e t h  were used f o r  the present  
study were round by a three-man group o f  ora l  surgeons in 
Baton Rouge, Lo u i s ia n a ,  Drs. Rivers W a l l ,  Vincent  Lagatu t ta
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and Tooley Towns. The problem was to f i n d  molar  te e th  which 
came from both sides o f  the mouths with no ca r ie s  and no 
car ies  or scratches due to the e x t r a c t i o n  inst ruments .
The tee th  from the p a t i e n t s  who fur n ished  two t e e t h  
came from the r i g h t  and l e f t  sides of  the lower  jaw. The 
fou r  impacted te e th  came from the upper and lower  jaws,  
r i g h t  and l e f t  sides o f  the 1 8 - y e a r - o l d  p a t i e n t .  The f ou r  
teeth  from the 4 0 - y e a r - o l d  p a t i e n t s  were two from the lower  
r i g h t  jaw and two from the lower l e f t  jaw.
Because of  the desi red s p e c i f i c a t i o n s ,  the a c q u i s i ­
t ion  of  the te e th  r eq u i r e d  about s i x  months. One can r e a d i l y  
see t h a t  the t ime needed to f i n d  the r i g h t  p a t i e n t s  would be 
an insurmountable problem i f  the same i n v e s t i g a t i o n  were to 
be conducted on a l a r g e r  sample p o pu la t io n .  However, many 
Two d i f f e r e n t  methods were used to compare and con­
f i r m  the amount of  f l u o r i d e  t r a n s f e r r e d  from mi lk  and water  
to teeth  a f t e r  soaking the te e t h  in f l u o r i d a t e d  water  and
I Q
mi l k :  the F r a d i o a c t i v e  readout  method and the s p e c i f i c
ion e le c t r o d e  method. These two methods have been shown to 
be r e l i a b l e  and a c c u r a te ,  and are widely used f o r  the d e t e r ­
minat ion of  f l u o r i d e  in  water ,  m i l k  and o th er  b i o l o g i c a l  
m a t e r i a l s  ( 8 3 ,  84 ,  44 ,  36 ) .
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^ F  R a d io a c t i v e  Readout Method. The r a d i o a c t i v e  
readout  method cons is ted o f  t h r e e  s teps:  1) c on ve r t i ng
1 o
l_i2C03 to F i n  a nuc lear  r e a c t o r  and combining w i t h  a c a r ­
r i e r  ( w a t e r + N a 2 F2 m i x t u r e ) ;  2)  p r e p a r a t i o n  of  f l u o r i d a t e d
water  and mi lk and soaking exper imental  t e e t h  in these media;
1 8and 3)  measuring F t r a n s f e r  from f l u o r i d a t e d  wa ter  and
mi lk  to t ee t h  by means of  a m u l t i - c h a n n e l  a n a l y z e r .
1 8Step 1: Sodium f l u o r i d e  was converted to F in the
n u c l e a r  r e a c t o r  lo c a t e d  a t  Georgia I n s t i t u t e  o f  Technology,
A t l a n t a  ( F i g .  4 ) .  The Georgia Tech Reactor  (GTRR) is  a
heterogeneous,  heavy-water  cooled and moderated r e a c t o r  de-
14 2signed to produce a thermal  f l u x  of about  10 n/cm -sec a t  
a power o f  5 megawatts.  A maximum o f  n ineteen f u e l  elements  
are po s i t i o n e d  in  a t r i a n g u l a r  array w i t h i n  2 f e e t  diameter  
core .  Each f u e l  element (MTR type)  conta ins  a s tack  o f  10 
i n d i v i d u a l  curved aluminum-uranium a l l o y  p la te s  2 3 . 5  inches 
long by 3 inches wide.  Each p l a t e  conta ins  approx imate ly  
14.2  grams of U - 2 3 5 ,  thus a t y p i c a l  15 -e lement  core contains  
4 . 7  lb  o f  U-235.
The fu e l  i s  c e n t r a l l y  loca ted i n  a 6 - f o o t  diameter  
aluminum r e a c t o r  vessel  f i l l e d  wi th D20 which,  in  a d d i t io n  
to heat  removal ,  provides a 2 - f o o t  r e f l e c t o r  comple te ly  s u r ­
rounding the c o r e .  The r e a c t o r  vessel  i s  mounted in a s te e l  
supported s t r u c t u r e  and suspended in a gr a p h i te  cup 2 f e e t  
t h i c k .  The core and r e f l e c t o r  system are comple te ly  enclosed  
by the lead and concrete b i o l o g i c a l  s h i e l d  s t r u c t u r e .  The 
r e a c t o r  top s h i e l d  has stepped s h i e l d i n g  plugs about  6.5 f e e t
Figure 4. Hor izontal  s e c t i o n  of  nuc lear  r eac to r  (Georgia  
I n s t i t u t e  o f  Technology) a t  the core mid plane.
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in diameter  centered on the r ea c to r  core.  The la rge  top 
plugs contain i n d i v i d u a l  stepped plug ports fo r  i n s e r t i o n  of  
fu e l  assemblies or  experiments in to the core reg ion .
The r e a c t o r  is c o n t r o l l e d  by means of  four  cadmium 
sh im -sa fe ty  semaphore blades and one cadmium r e g u l a t i n g  rod.  
The four  sh im-safe ty  blades are  mounted a t  the top of  the 
r e a c t o r  vessel and swing downward through the core between 
ad jace nt  rows o f  fue l  assembl ies .  The r e g u l a t i n g  rod is sup­
ported on the r e a c t o r  top s h i e l d  and extends downward in to  
the DgO r e f l e c t o r  region.  This rod moves v e r t i c a l l y  between 
the h o r iz o nt a l  midplane and the top of  the  core.
The heat  removal system is  composed of  a pr imary  
heavy w a te r -w a te r  system and a secondary l i g h t - w a t e r  system 
wi th  an ev apo ra t ive  cool ing tower.  Average temperature of  
the D20 moderator is  about 100 F.
1 O
Step 2: The r a d i a t i o n  procedure to produce F con­
s i s t e d  e s s e n t i a l l y  of  r a d i a t i n g  3 grams o f  pure na tura l
LigCOj in a sealed quartz  ampoule f o r  two hours. The reac-
1 3t o r  produced 10 neutron f lu x /c m /s e c  to give 3 m i l l i c u r i e s
1 8of  F according to the f o l l o w i n g  r e a c t i o n s :
jL i  + n -*■ ^  +
, 3U 18c ,
8° + 1H *  9
At the end of  r a d i a t i o n ,  the ampoule was crushed in a
p l a s t i c  cup i n s i d e  a metal vessel  placed under the fume hood,
1 8The reacted powder product  conta in ing F was d isso lved in
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an aqueous mixture o f  NaF (2 mg F“ ) .  The pH o f  the e n t i r e  
s o l u t i o n  was a d j u s te d  to 6 ± 0 . 5  by using HNOg. The s o l u t i o n  
was then d i l u t e d  w i t h  water  to br ing  i t  to  15 ml and the  
su p ern ata nt  was decanted.
Pr e p a r a t i o n  o f  f l u o r i d a t e d  water  and m i l k  f o r  soaking  
ex per imenta l  t e e t h  was performed as f o l l o w s .  F l u o r i d a t e d  
w a te r  and mi lk were prepared by adding 7 . 5  ml of  the super ­
n a t a n t  s o l u t i o n  s e p a r a t e l y  to two p l a s t i c  cups each c o n t a i n ­
ing 250 ml o f  m i lk  and 250 ml o f  w ater  { t r a c e r  s o l u t i o n ) .
When read on a r a d i a t i o n  survey m et e r ,  f l u o r i d a t e d  water  and 
m i l k  samples showed a r a d i o a c t i v i t y  count o f  15 r a d s / h r .  The 
ex per imenta l  t e e t h  were f i x e d  to the bottom o f  the p l a s t i c  
cups w i t h  a l a y e r  o f  wax be f ore  the t r a c e r  s o l u t i o n s  c o n t a i n ­
ing f l u o r i d a t e d  m i l k  and wa ter  were t r a n s f e r r e d  to the cups.  
Soaking la s te d  f o r  a pp ro x im a te ly  24 minutes w i th  occasional  
s t i r r i n g .  ( E s t i m a t i n g  t h a t  a c h i l d  can d r i n k  a glass o f  
wa te r  or  mi lk  in no more than ten seconds, thereby  a l l o w i n g  
60 seconds f o r  a s i x - d a y  p e r i o d ,  the te e t h  were immersed f o r  
24 minutes to give  a s i m u l a t io n  o f  24 weeks ex pos ur e . )
At the end of each soaking p e r i o d ,  the t e e t h  were removed 
from the t r a c e r  s o l u t i o n s ,  r in s e d  th r e e  t imes wi th  d i s t i l l e d  
w a te r .  Any t o p i c a l  f l u o r i d e  t r a n s f e r  on the t e e t h  t h a t  had 
occurred  during soaking the t e e t h  in  t r a c e r  s o l u t i o n  was 
counted on a 3" x 3 ” Nal ( T1) d e t e c t o r  w i th  the help o f  a
m u l t i - c h a n n e l  A n a l y z e r  (MCA). The t ime f o r  each count record
1 8t ime was noted to note decay c o n d i t i o n s  and c a l c u l a t e  F 
hal f - 1 i f e .
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Step 3: The tee th  from the t r a c e r  s o lu t i o n  were
placed in the wel l  o f  the m u l t i - c ha n ne l  a na ly z e r  to measure 
t o t a l  r a d i a t i o n  of  the sample w i thout  background i n t e r f e r ­
ence. This equipment ( a t  Georgia I n s t i t u t e  o f  Technology in 
A t l a n t a )  is  a 400-channel  a na ly z e r  c on s i s t i n g  of  a s c i n t i l l a ­
t ion  d e t e c t o r  (N a l )  which produces f las h e s  of  l i g h t  upon ex­
c i t a t i o n  by i o n i z i n g  r a d i a t i o n ;  the s c i n t i l l a t o r  is  o p t i c a l l y  
coupled to a p h o t o m u l t i p l i e r  tube which converts the i n c i ­
dence photons i n t o  e l e c t r i c a l  pulses whose magnitude is pro­
p o r t i o n a l  to the i n t e n s i t y  of  o r i g i n a l  l i g h t  f l a s h .  T h is ,  
in t u r n ,  is  pr op or t io na l  to the t o t a l  energy deposited by 
the charged p a r t i c l e  in the d e t e c t o r .  The p h o t o m u l t i p l i e r  
pulses are recorded on a r eco rd er  to provide a measure of  
r a d i a t i o n  i n t e n s i t y .  The advantages of  using t h i s  method 
are:  1) The f a c t  t h a t  the l i g h t  output  is pro por t iona l  to
the energy deposi ted by a charged p a r t i c l e  provides a tool  
f o r  the d i r e c t  measurement o f  a p a r t i c l e ' s  energy.  In gen­
e r a l ,  the r e l a t i o n s h i p  between l i g h t  output  and e le c t ro n  
energy is  near ly  l i n e a r .  2) The de n s i ty  of  s o l i d  s c i n t i l ­
l a t o r s  is such t h a t  charged p a r t i c l e s  w i th  energies in the  
Hev range are stopped in the s c i n t i l l a t o r  only a few m i l l i ­
meters t h i c k .  F u r t h e r ,  the high d e n s i ty  of the Nal d e te c to r  
permits the d e t e c t io n  of  gamma rays wi th  a much higher  e f f i ­
ciency than t h a t  possible  w i th  most other  d e t e c to rs .  Gamma 
rays i n c i d e n t  normal to the plane face o f  Nal ( T l )  are de­
tec ted wi th  more than 90% e f f i c i e n c y  f o r  energies up to 0.51 
Mev.
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S p e c i f i c  Ion E lec t rode  Method. The exper imental
1 8te e t h  which were no longer  r a d i o a c t i v e  ( h a l f  l i f e  of  F is 
112 minutes)  were placed in a 1 /10  N HC1 f o r  24 hours.  I t  
was a n t i c i p a t e d  t h a t  some measure of  f l u o r i d e  in combination  
wi th calcium would be leached out  and could be counted with  
the s p e c i f i c  ion e l e c t r o d e .  At  the end o f  24 hours,  the  
te e t h  were removed from t h e i r  i n d i v i d u a l  beakers conta in ing  
1/10 N HC1. The f l u o r i d e  con c e nt ra t i on  was determined poten-  
t i o m e t r i c a l l y  using a s p e c i f i c  ion f l u o r i d e  e l e c t r o d e  in con­
ju n c t i o n  w i th  a standard s i n g l e  j u n c t i o n  s l e e v e - t y p e  r e f e r ­
ence e le c t r o d e  and a pH meter having an expanded m i l l i v o l t  
sca le .
The f l u o r i d e  i o n - a c t i v i t y  e l e c t r o d e  can be used to 
measure the a c t i v i t y  or the c o n c e n t ra t io n  of  f l u o r i d e  in 
aqueous samples by use of  an a p p ro p r i a te  c a l i b r a t i o n  curve.  
The f l u o r i d e  a c t i v i t y  is dependent,  however,  upon the t o t a l  
ion ic  s t r eng th  of  the sample, and the e l e c t r o d e  does not  
respond to f l u o r i d e  which is bound or complexed. These 
d i f f i c u l t i e s  are l a r g e l y  overcome by the a d d i t i o n  of  c i t r a t e  
ion to p r e f e r e n t i a l l y  complex aluminum and by the a d d i t i o n  
of  a b u f f e r  s o l u t i o n  of  high t o t a l  i o n i c  s t rength  to swamp 
out v a r i a t i o n s  in sample io n i c  s t re n g t h .
I n t e r f e r e n c e s :  Extremes of  pH i n t e r f e r e ;  sample pH
should be between 5 and 9. P o ly v a le n t  cat ions  of  S i +^,  Fe+^,
A O
and A1 i n t e r f e r e  by forming complexes wi th  f l u o r i d e .  The 
degree o f  i n t e r f e r e n c e  depends upon the c o n c e nt ra t i on  o f  the
complexing c a t i o n s ,  the conc ent ra t ion  o f  f l u o r i d e  and the pH 
of  the sample. The a d d i t i o n  of  a pH 5 .0  b u f f e r  conta in ing a 
st rong ,  c he l a t i n g  agent  p r e f e r e n t i a l l y  complexes aluminum 
( the  most common i n t e r f e r e n c e ) ,  s i l i c o n ,  and i r o n ,  and e l i m i ­
nates the pH problem.
Reagents: ( a )  B u f fe r  s o l u t i o n ,  pH 5 . 0 - 5 . 5 .  To ap­
prox imate ly  500 ml o f  d i s t i l l e d  water  in a o n e - l i t e r  beaker  
add 57 ml o f  g l a c i a l  a c e t i c  a c i d ,  58 g of  sodium c h lo r i d e  and 
2 g o f  CDTA (1 , 2 -c yc lo he xy le ne  d i n i t r i l o  t e t r a a c e t i c  a c i d ) .  
S t i r  to d iss o lv e  and cool to room temperature .  Adjust  pH o f  
s o l u t i o n  to  between 5 . 0  and 5.5 w i th  5N sodium hydroxide  
(about  150 ml w i l l  be r e q u i r e d ) .  T r a ns fe r  s o l u t i o n  to a one-  
l i t e r  volumet r ic  f l a s k  and d i l u t e  to the mark w i th  d i s t i l l e d  
water .  Note: CDTA replaces c i t r i c  acid used in the o r i g i ­
nal b u f f e r  formula.  I t  is a st rong c h e l a t i n g  agent and more 
e f f e c t i v e l y  t i e s  up aluminum than the o r i g i n a l  c i t r i c  a c i d .
(b) Sodium f l u o r i d e ,  stock s o lu t i o n  ( 1 . 0  mg = 0.01 mg 
F) .  D issolve 0 .2210 g of  sodium f l u o r i d e  in  water  and d i l u t e  
to 1 . 0  l i t e r .  D i l u t e  100 ml of  t h i s  s o l u t i o n  to 1.0 l i t e r  
wi th  water .  Store in c h e m i c a l - r e s i s t a n t  glass or po ly ­
e thy lene  .
C a l i b r a t i o n :  A ser ies  o f  standards were prepared
using the f l u o r i d e  stock s o lu t i o n  (1 ml = 0.01 mg F) in the  
range o f  0 to 2 .00 m g / l i t e r  by d i l u t i n g  a pp ro pr ia te  volumes 
to 50 ml.  The f o l l o w i n g  standards were used:
52
Mi 11i 1 i t e r s  o f  Stock  
( 1 . 0  ml = 0.01 mg/F)
Concent ra t ion  when D i l u t e d  
to 50 m l , mg F / l i  t e r
0 . 00  
1 .00  




6 . 0 0  
8 .00
1 0 . 00
0 . 0 0  
0 . 2 0  
0 .40  
0 .60  
0.80  
1 . 00  
1 . 20  
1 .60  
2 . 0 0
For c a l i b r a t i o n  o f  the e l e c t r o m e t e r ,  the e le c t r o d e s  
were immersed in each stock s o l u t i o n  s t a r t i n g  w i th  the low­
e st  c o n c e n t r a t i o n .  The developed p o t e n t i a l  w h i l e  mixing was 
measured u n t i l  the read ing  was s t a b i l i z e d .  Using semi-  
l o g a r i t h m i c  graph pape r ,  the c o n c e n t r a t i o n  o f  f l u o r i d e  in 
m g / l i t e r  on the log a x is  vs. the e l e c t r o d e  p o t e n t i a l  d e v e l ­
oped in the standard on the l i n e a r  axis  was p l o t t e d  ( F i g .  3 ) .
For c a l i b r a t i o n  o f  the s p e c i f i c  ion met er ,  the d i r e c ­
t io n s  o f  the manufac turer  f o r  the op e ra t i o n  o f  the inst rument  
were f o l l o w e d :
b u f f e r  in a 150-ml beaker .  Place on a magnet ic s t i r r e r  and 
mix a t  medium speed. Immerse the e le c t r o d e s  in t h e  s o l u t i o n  
and observe the meter  reading w h i l e  mixing.  The e le c t r o d e s  
must remain in the s o l u t i o n  f o r  a t  l e a s t  th r ee  minutes or  
u n t i l  the reading has s t a b i l i z e d .  At  co n c e nt ra t i on s  under  
0 . 5  m g / l i t e r  F, i t  may r e q u i r e  as long as f i v e  minutes to 
reach a s t a b l e  meter read ing ;  h ig he r  c on c e n t ra t i o n s  s t a b i ­
l i z e  more q u i c k l y .  I f  a pH meter  i s  used, record  the po ten ­
t i a l  measurement f o r  each unknown sample and c on v e r t  the
Procedure:  Place 50.0  ml o f  sample and 5 0 . 0  ml o f
53
p o t e n t i a l  reading to the f l u o r i d e  ion concent ra t ion o f  the  
unknown using the standard curve.  I f  a s p e c i f i c  ion meter  
i s  used, read the f l u o r i d e  leve l  in  the unknown sample 
d i r e c t l y  in m g / l i t e r  on the f l u o r i d e  sca le .
Using the p o t e n t i a l  measurement f o r  each unknown 
sample,  the corresponding f l u o r i d e  con ce nt ra t ion  from the 
standard curve was read.
C a l c u l a t i o n :
F ( m g / l i t e r )  =
S t a t i s t i c a l  Analysis
The exper imental  data was analyzed s t a t i s t i c a l l y  
to determine i f  there  was a c o r r e l a t i o n  between the t r a n s f e r  
of  t o p ic a l  f l u o r i d e  to the t e e t h ,  when the element was a v a i l ­
able in i o n i c  form in e i t h e r  milk or  wate r ,  but w i th  respect  
to the fo l l o w i n g  v a r i a b l e s :  1) t e e t h  w i th in  mouths, 2) te e t h
between d i f f e r e n t  people ,  3)  teeth w i t h i n  age group,  and 
4) te e th  between s i m i l a r  age groups who had or had not i n ­
gested f l u o r i n e  s y s t e m i c a l l y  from b i r t h .
RESULTS AND DISCUSSION
The r e s u l t s  and i n t e r p r e t a t i o n s  discussed in t h i s  r e ­
view were obtained  a f t e r  complet ing th r e e  s e r i e s  o f  e x p e r i ­
ments, which were descr ibed  thoroughly  in " M a t e r i a l s  and 
Methods."
The f i r s t  exper iment  concerned a v a i l a b i l i t y  s t u d i e s ,  
the o b j e c t i v e s  of  which were to determine i f  and to what ex­
t e n t  f l u o r i d e  w i l l  be a v a i l a b l e  i f  a d m i n i s t e r e d  through r e ­
c o n s t i t u t e d  f r e e z e - d r i e d  m i lk  as compared to f l u o r i d a t e d  
whole m i l k .  Another  o b j e c t i v e  of  t h i s  exper iment  was to  
determine i f  the ca lc ium in m i l k  combines w i th  the sup ple ­
mental f l u o r i n e  to form CaFg in a p p r e c i a b l e  q u a n t i t i e s .
The second exper iment  was designed to e v a l u a t e  the  
i o n i c  f l u o r i d e  t o p i c a l  t r a n s f e r  r a t e s  t h a t  t a k e  p lace from 
f l u o r i d a t e d  water  and m i l k .  The data ob ta i n ed  should help  
to decide on the choice o f  a medium f o r  f l u o r i d e  i n c o r p o r a ­
t i o n  .
The t h i r d  exper iment  consis ted o f  s t a t i s t i c a l l y  ana­
l y z i n g  the exper imenta l  data to determine i f  t h e r e  was a c o r ­
r e l a t i o n  between the t o p i c a l  f l u o r i d e  t r a n s f e r  and the  
v a r i a b l e s  int roduced in  the exper imental  t e e t h ,  and to as ­
c e r t a i n  i f  the model system developed f o r  such a study is  
v a l i d .
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A v a i l a b i l i t y  S tud ies  and 
S t a t i s t i c a l  Analyses
Experiments on the a v a i l a b i l i t y  s tud ies  cons is ted  of  
f r e e z e - d r y i n g  f l u o r i d a t e d  whole m i l k ,  and then de te rmin in g  
f l u o r i n e  in the r e c o n s t i t u t e d  m i l k ,  w i th  and w i t h o u t  added 
CaCOg. These r e s u l t s  were compared to a s i m i l a r  set  of  data  
obtained by using whole m i l k .  The f l u o r i d e  was determined  
p o t e n t i o m e t r i c a l l y  using a s p e c i f i c  ion f l u o r i d e  e l e c t r o d e  
in con j unc t io n  w i t h  a standard s i n g l e  j u n c t i o n  s l e e v e - t y p e  
re f e re n c e  e l e c t r o d e ,  and a pH meter  having an expanded m i l l i ­
v o l t  s c a le .  The m i l l i v o l t  i n v e s t i g a t i o n s  r ep or te d  were p e r ­
formed w i t h  the Orion Model 801 d i g i t a l  pH/MV m et e r ,  and the  
Orion Model 94-09  f l u o r i d e - s p e c i f i c  ion e l e c t r o d e  used in 
combinat ion w i th  a r e f e r e n c e  e l e c t r o d e .
F igure  3 shows the c a l i b r a t i o n  curve obta ined  wi th  
whole m i lk  as the i n t e r n a l  s tan dar d ,  and Table IV presents  
the amount o f  F ion in the f r e e z e - d r i e d  mi lk  samples.  The 
c a l i b r a t i o n  path w i th  m i l l i v o l t s  on the X - a x i s  and log ppm 
f l u o r i d e  in a 50-ml sample o f  whole m i l k  was a s t r a i g h t  l i n e .  
I t  can r e a d i l y  be observed ( T a b l e  I V )  from the r e s u l t s  ob­
ta in e d  t h a t  the 10 samples o f  r e c o n s t i t u t e d  f l u o r i d a t e d  mi lk  
showed very c lose  agreement ,  the amount o f  F ion being in 
the range of  3 0 . 4  to 33.4  u g / g .  Thus complete d is p e r s i o n  of  
the F ion in d r i e d  m i l k  was ob t a i n e d ,  as i n d i c a t e d  by the 30 
mg of  F ion l e v e l  found in the r e c o n s t i t u t e d  m i l k  (Table  V) .
The r e s u l t s  on the i o n i c  f l u o r i d e  a v a i l a ' b le  in f r e e z e -  
d r ie d  f l u o r i d a t e d  m i lk  a f t e r  the a d d i t i o n  o f  Ca++ are
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TABLE IV
RESULTS OF ANALYSIS: F ION AVAILABLE
IN RECONSTITUTED FREEZE-DRIED 
FLUORIDATED MILK
M i l k  Powder
Mi 11 ivol t  
Reading








yg F/ml Total yg F in 2 g yg F/g
1 2 50 918.7 1 .26 63 31 .5
2 2 50 919.3 1 .2 2 6 0 . 8 30.4
3 2 50 918 .5 1 .26 63 31 .5
4 2 50 918 .8 1 .25 62 .3 31 .2
5 2 50 919.1 1 .23 61 . 5 30 .8
6 2 50 918 .8 1 .25 62 .3 31 .2
7 2 50 917.5 1 .31 6 5 .3 32. 7
8 2 50 918 .5 1 .26 63 31 . 5
9 2 50 917.2 1 .34 6 6 .8 33 .4
10 2 50 918 .8 1 .25 62 .3 31 .2
Average 918.49 1 .263 63. 03 31 . 54
57
TABLE V
STATISTICAL ANALYSIS OF FLUORIDE AVAILABILITY 
AS A FUNCTION OF TIME (48 HOURS)
Cal ciurn Added
(yg) X (48 hr )  a 99% C.L.
0 5 9 .7  1 .3  3 . 0
30 5 8 . 8  1 . 0  2 .3
60 5 8 . 8  1 .4  3 .2
120 5 7 .4  2 . 5  5 .8
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presented in Table V I .  These r e s u l t s  i n d i c a t e  t h a t  almost  
a l l  f l u o r i d e  is  a v a i l a b l e  in the i o n i c  s t a t e  f o r  a minimum 
of  4 hours,  and a f t e r  5 hours s c a rc e ly  6 micrograms out of  
approximate ly  30 micrograms of  f l u o r i d e  is t i e d  up r eg a rd ­
less of  the amount of  calcium present .  Such a reduct ion in  
the f l u o r i d e  a v a i l a b i l i t y  fo r  d a i l y  in take can be made by 
increa s ing  the one m i l l i g r a m  f l u o r i d e  ion to 1 . 2  mg. The 
most i n t e r e s t i n g  r e s u l t  to note here is the f a c t  t h a t ,  r e ­
gardless o f  the amount o f  calcium used, the re  was almost no 
d i f f e r e n c e  in the amount o f  f l u o r i d e  l o s t .
In order  to determine the a v a i l a b i l i t y  o f  the f l u o r i d e  
ion over a per iod  of  t ime g r e a te r  than f i v e  hours,  i t  was de­
cided to repe at  the s tud ies  above using i d e n t i c a l  m a t e r i a l s  
and a n a l y t i c a l  techniques.  Samples of  the f l u o r i d e  c o n t a i n ­
ing mi lk  were prepared wi thout  added calcium as wel l  as one-  
h a l f ,  one, and two t imes the amount requi red s t o i c h i o m e t r i -  
c a l l y  to complex a l l  o f  the f l u o r i d e  present .  The samples 
were then analyzed a f t e r  6,  7,  8 ,  24,  48 and 168 hours (one 
week).  Resul ts of  t h i s  study are ta bu la te d  in Table V I I .
Here i t  must be emphasized t h a t  these r e s u l t s  were obtained  
a t  the end o f  each time per iod by comparison to standards  
analyzed a t  the end of  the same p e r i od .  This procedure e l i m i ­
nates p o t e n t i a l  e r rors  due to any change in the standard  
(whole m i l k )  c a l i b r a t i o n .  The t a b u l a t e d  values i n d i c a t e  t h a t  
w i t h i n  the 99% confidence l i m i t s ,  the f l u o r i d e  concent ra t ions  
during the f i r s t  48 hours do not vary .  I t  seems apparent  
t h a t  there was a small but  not s t a t i s t i c a l l y  s i g n i f i c a n t  loss
presented in Table V I .  These r e s u l t s  i n d i c a t e  t h a t  almost  
a l l  f l u o r i d e  is a v a i l a b l e  in the i o n i c  s t a t e  f o r  a minimum 
of 4 hours,  and a f t e r  5 hours s c a r c e l y  6 micrograms out o f  
approx imate ly  30 micrograms o f  f l u o r i d e  is t i e d  up r e g a r d ­
less o f  the amount o f  calcium p r e s e n t .  Such a r e d uc t i on  in 
the f l u o r i d e  a v a i l a b i l i t y  f o r  d a i l y  in t a k e  can be made by 
i n c r e a s in g  the one m i l l i g r a m  f l u o r i d e  ion to 1 . 2  mg. The 
most i n t e r e s t i n g  r e s u l t  to note here is  the f a c t  t h a t ,  r e ­
gardless o f  the amount o f  calcium used, there  was almost  no 
d i f f e r e n c e  in the amount o f  f l u o r i d e  l o s t .
In order  to determine the a v a i l a b i l i t y  o f  the  f l u o r i d e  
ion over  a per iod o f  t ime g r e a t e r  than f i v e  hours,  i t  was de­
cided to repeat  the s tud ies  above using i d e n t i c a l  m a t e r i a l s  
and a n a l y t i c a l  techn iques .  Samples of  the f l u o r i d e  c o n t a i n ­
ing m i l k  were prepared w i t h o u t  added calcium as w e l l  as one-  
h a l f ,  one,  and two t imes the amount req u i re d  s t o i c h i o m e t r i - 
c a l l y  to complex a l l  o f  the f l u o r i d e  present .  The samples 
were then analyzed a f t e r  6 ,  7 ,  8 ,  24,  48 and 168 hours (one 
week) .  Resul ts o f  t h i s  study are t a b u l a t e d  in Table  V I I .
Here i t  must be emphasized t h a t  these r e s u l t s  were obtained  
at  the end o f  each t ime per iod  by comparison to standards  
analyzed a t  the end of  the same p e r i o d .  This procedure e l i m i ­
nates p o t e n t i a l  e r r o r s  due to any change i n . t h e  standard  
(whole m i l k )  c a l i b r a t i o n .  The t a b u l a t e d  values i n d i c a t e  t h a t  
w i t h i n  the 99% conf idence l i m i t s ,  the f l u o r i d e  c on c e n t ra t i o n s  
dur ing the f i r s t  48 hours do not v a ry .  I t  seems apparent  
t h a t  th e r e  was a smal l  but not s t a t i s t i c a l l y  s i g n i f i c a n t  loss
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TABLE VI
IONIC FLUORIDE AVAILABLE IN FREEZE-DRIED 
FLUORIDATED MILK AFTER Ca++ ADDITION
Batch I 
(30 yg Ca*+ )
Batch I I  
(60 yg Ca++ )
Batch I I I  
(120 yg.Ca+ + )
A f t e r I hour 31 . 2 32.6 31 .4
A f t e r 2 hours 31 .6 31 .1 31.2
A f t e r 3 hours 3 1 .6 31 .5 31.7
A f t e r 4 hours 31 .6 3 2 .3 31 .8
A f t e r 5 hours 2 5 .7 26.3 25.5
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TABLE V I I
STUDY OF AVAILABILITY OF FLUORIDE 




(af ter  calcium addition on time 0) at the end of •»
(yg) 6 hr 7 hr 8 hr 24 hr 48 hr 168 hr
0 58 .0 59.0 59 .5 6 1 . 0 61. 0 52.5
30 58 .0 58 .0 6 0 .0 59.3 54.8
60 5 8 .0 57. 5 58 .0 61 .0 59.3 54.0
120 56 .3 55 .8 58 .0 60 .0 60 .0 55.5
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between 48 and 168 hours.
From the above data i t  can be concluded t h a t  m i l k ,  
e i t h e r  whole or  r e c o n s t i t u t e d ,  can be an e x c e l l e n t  v e h i c l e  
f o r  the a d m i n i s t r a t i o n  o f  f l u o r i d e s .  These r e s u l t s  compare 
very f a v o r a b l y  w i th  the work performed by S i e g l e r  ( 9 8 ) ,  who 
summarized his own work by saying t h a t  f l u o r i d a t i o n  o f  m i l k  
f o r  the pr e v e nt io n  o f  denta l  c a r i e s  is p h y s i o l o g i c a l l y  wel l  
founded,  e n t i r e l y  p r a c t i c a l  and invo lve s  very l i t t l e  expendi ­
t u r e .  However, the que st ion  a r i s e s :  What is  the mechanism
which prevents the loss of  f l u o r i d e  ion in mi lk? F l u o r i d e  
w i l l  a p p a r e n t l y  combine w i th  any ca lc ium r e a d i l y  a v a i l a b l e  
in w a te r  unless,  an i n h i b i t o r  such as the hexametaphosphate  
is  u t i l i z e d .  Does a s i m i l a r  e f f e c t  occur  in m i l k ,  or i s  i t  
l i k e l y  t h a t  the p o s i t i v e  and neg a t iv e  poles o f  the p r o t e i n  
molecule in m i lk  s o l i d s  a t t r a c t  Ca and F” ? F u r t h e r  work 
is i n d i c a t e d .
E v a l u a t i o n  o f  the I o n i c  F l u o r i d e  Topical  
T r a n s f e r  Rates from F l u o r i d a t e d  Water  
and M i l k  and S t a t i s t i c a l  Ana lys is
The purpose o f  these exper iments was to demonstrate  
the t o p i c a l  t r a n s f e r  o f  f l u o r i n e  from f l u o r i d a t e d  wa ter  and 
, ' i i lk to the enamel o f  human t e e t h .
^  In an exper iment  by Rusof f  e t  a l . ( 9 1 ) ,  pub l ished  in  
1962,  \h e  f i r s t  molar  t e e t h  in a t re a t m e n t  group were less  
car ious  a 4- the 5% l e v e l  o f  conf idence than the f i r s t  molar  
t e e t h  in a con t ro l  group o f  c h i l d r e n ,  even though the con t ro l  
group's f i r s t  molar  t e e t h  were less car ious  a t  the s t a r t  of
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the exper iment  than those o f  the t r e a t m e n t  group.  In view 
of  the f a c t  t h a t  a l l  o f  the f i r s t  molars ( a t  age s i x )  were 
e i t h e r  p a r t i a l l y  or  f u l l y  e rupted i n t o  the mouth a t  the  
s t a r t  of  the exper iment  (both c o n t r o l  and t re a t m e n t  g r o u p s ) ,  
the r e s u l t i n g  improvement in the f i r s t  molars of  the t r e a t ­
ment group s ix  years l a t e r  could be caused on ly  by a t o p i c a l  
e f f e c t ,  and not  by a systemic e f f e c t ,  because wi th  no demon­
s t r a b l e  metabol ism or c i r c u l a t i o n  to the enamel a f t e r  e ru p ­
t i o n ,  systemic f l u o r i d e s  could not have in f l u e n c e d  the s low­
down o f  c a r i e s  in  the t re a t m e n t  group.
Resul ts obta ined  in t h i s  t h e s i s  i n v e s t i g a t i o n  prove  
the occurrence o f  a t o p i c a l  t r a n s f e r  o f  f l u o r i d e  ion from 
the f l u o r i d a t e d  water  and m i l k  to the t e e t h  as they c o n ta c t  
the t e e t h  dur ing the a c t  of  d r i n k i n g .
Much work has been done to show the t o p i c a l  uptake of  
f l u o r i d e  from s o l u t i o n s  and ge ls  ( 1 ) ,  but  u n t i l  now no r e ­
ports have been found in the l i t e r a t u r e  to compare the  
f l u o r i d e  uptake from w ate r  and m i l k  to the human enamel.
Two imp or t an t  methods o f  a n a l y s i s  were used f o r  mea­
sur ing i o n i c  f l u o r i d e  t r a n s p o r t  r a t e s .  The f i r s t  was the  
1 8use of  F in water  and m i l k  in a s o l u t i o n  of  one ppm. The
exper imenta l  design was co n st r uc te d  to s i m u la te  24 weeks o f
d r i n k i n g  these f l u i d s .  Water is  u s u a l l y  drunk at  tap tem­
p e r a t u r e  in the home, a l though some c h i l d r e n  w i l l  d r in k  ice  
water  on a hot day.  M i l k  is  u s u a l l y  kept in the f a m i l y  r e ­
f r i g e r a t o r  a t  about 35 F to 38 F, but  warms up to about 50 F
a t  the d inner  t a b l e  due to the le n g th  o f  t ime out o f  the
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r e f r i g e r a t o r  p r i o r  to consumption.  T h e r e f o r e ,  water  was 
f l u o r i d a t e d  a t  75 F and m i lk  was f l u o r i d a t e d  a t  50 F.
I t  was es t imated t h a t  the t e e t h  were in c ont ac t  w i th  
the f l u i d s  about 10 seconds f o r  each glass o f  f l u i d  which was 
consumed. By a l l o w in g  60 seconds per week, an immersion of  
the t e e t h  in the s o l u t i o n s  f o r  24 minutes w i l l  s im u la te  24 
weeks o f  c o n ta c t .  I t  was expected t h a t  i f  any t o p i c a l  ex­
change oc cu rre d ,  i t  would occur in  t h a t  le n g th  o f  t ime .
The p r i n t o u t  data (Appendix A) from the  400 m u l t i ­
channel a n a l y z e r  showed some i n t e r e s t i n g  r e s u l t s .  From 
these data an MCA c a l i b r a t i o n  curve was developed which
had produced a s t r a i g h t  l i n e .  By loo k in g  a t  the sample data
1 8( F i g .  5) i t  i s  apparent  t h a t  t h e r e  is  F uptake in a l l  
t e e t h  and from both water  and m i l k .  The r a d i o a c t i v e  count  
is d i f f e r e n t  in a l l  t e e t h ,  because no two t e e t h  in  any mouth 
have the same s o l u b i l i t y  or  d e n s i t y  ( F i g .  4 ,  Table V I I I  ) .  Ye t ,  
when the t e e t h  in sample 2 ( f u l l  bony i m pa ct i on s ,  on systemic  
f l u o r i d e s  f o r  18 y e a rs )  are  compared w i th  the te e t h  in  sample 
3 ( f u l l  bony imp ac t io ns ,  no f l u o r i d e  s y s t e m i c a l l y ) ,  i t  was 
not iced  t h a t  the t e e t h  in sample 3 (no f l u o r i d e  s y s t e m i c a l l y ) 
showed a h ig her  r a d i o a c t i v i t y  count than the  t e e t h  in sample 
2 as was expected ,  because of  the previous lack  o f  f l u o r i d e  
in the t e e t h  in sample 3 (Ta b le  I X ) ,  Probably th e r e  was more 
f r e e  hy d ro x y a p a t i t e  to combine w i th  the f l u o r i d e  ion in  
sample 3 than in sample 2.
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Figure 5. Adsorbt ion o f  f l u o r i n e - 1 8  from f l u o r i d a t e d  water  
and f l u o r i d a t e d  mi lk on t e e t h .
TABLE V I I I
TOPICAL FLUORIDE TRANSFER FROM FLUORIDATED WATER AND MILK TO EXPERIMENTAL TEETH
Sample 
Number
Age of  
Person
Solut ion  
Prepara t i  on
Leachi ng*
(yg F)
Radi oact i  vi t y * *  
( l a F count)
Wei glit 
of  Sample Comments
1 40 Water 4 .6 10,366 0.04783 erupted--same mouth
1 40 Milk 4.8 28,042 0.07437
2 18 Water 3.2 79,829 0.08756 f u l l  bony impactions;
2 18 Milk 2 .0 99,360 0.12770 on f lu o r i d e s  a l l  his 
1 i fe
3A 18 Water 3.5 220,978 0.30223 f u l l  bony impactions;
3B 18 Water 4 .7 58,543 0.06662 no f l u o r i d e  ever
3C 18 Milk 3.2 28,360 0.09530
3D 18 Milk 2.9 96,140 0.10858
4A 40 Water 3.5 21 ,203 0.35028
4B 40 Water 4 .6 133,600 0.09684 same mouth
4C 40 Milk 5.1 44,809 0.19930 f u l l  erupted
4D 40 Mi lk 4.8 18,938 0.06437 f u l l  erupted
* S p e c i f i c  Ion Elect rode.
* * R a d i o a c t i v i t y  Readout.
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TABLE IX
NORMALIZED DATA FOR 18F COUNT (RADIOACTIVITY 
READOUT) AND LEACHING (SPECIFIC ION ELECTRODE)
Sample 
Number S o l u t i  on
Normali  zed 
Leachi  ng *  
(pg F/g sample)
Normal i  zed 
Radi oact i  vi t y * *  
( l 0F count /g)
1 Water 96.17 216 ,726
1 Mi lk 64.  54 377,061
2 Water 36 .5 5 911,706
2 Mi lk 15 .66 778,074
3A Water 11 .58 731,158
3B Water 70.55 878,670
3C Mi lk 3 3 .5 8 297,587
3D Mi lk 26.71 850,990
4A Water 9. 99 60,532
4B Water 47.  50 1 , 3 7 9 , 6 0 0
4C M i lk 25 .59 224,832
4D Mi 1 k 74 .57 294,205
* S p e c i f i c  ion e l e c t r o d e .
* * M u l t i c h a n n e l  a n a ly z e r  ( r a d i o a c t i v i t y  r e a d o u t ) .
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immersed in wa ter  and in m i lk  as shown in Table X ( r a d i o ­
a c t i v i t y ) ,  no s i g n i f i c a n t  d i f f e r e n c e  is  found in  pickup of  
1 8 F between w a te r  and m i l k .  The c o r r e l a t i o n  c o e f f i c i e n t  be-
1 8tween r a d i o a c t i v i t y  o f  F in w ater  and m i lk  is  r  = 0 . 6 0 - -
not s i g n i f i c a n t .  The c o r r e l a t i o n  c o e f f i c i e n t  between nor-
1 8m al i ze d  r a d i o a c t i v i t y  o f  F in water  and m i lk  is r  = 0 . 3 3 - -  
not s i g n i f i c a n t .  I t  is  apparent  t h a t  when taken as a group,  
the r e s u l t s  prove t h a t  t h e r e  is a t o p i c a l  t r a n s f e r  o f  f l u o r ­
ide  from m i l k  and water  to  human t e e t h ,  w i t h  no s i g n i f i c a n t
1 8d i f f e r e n c e  in the  amount. While no rm a l i z i n g  the F counts  
( Ta b l e  I X ) ,  on ly  the p a i r  3A and 3C have excessive amounts 
of  f l u o r i n e .  Sample 3A had a l a r g e  occ lusal  amalgam f i l l i n g  
which i n v a l i d a t e d  t h i s  p a i r .  Wi thout  t h i s  p a i r  the normal ­
i zed  data are  w i t h i n  t o l e r a b l e  l i m i t s  a l though even wi th  
t h i s  p a i r  (3A and 3C) th e r e  is no s i g n i f i c a n t  d i f f e r e n c e .
One cons is tency  was observed:  th e r e  was a s l i g h t l y
1 8g r e a t e r  pickup o f  F from wa ter  than from m i l k  in samples 1 ,
2 and 4. In sample 3A, which was a much l a r g e r  tooth than
any o f  the o th er s  ( Tab le  X ) ,  t h e r e  was a g r e a t e r  pickup of  
1 8 F than in any o f  the o t h e r  t e e t h .  The var ious  t e e t h ,  even
from the same mouth, were a l l  of  d i f f e r e n t  s i zes and w e i g h ts .
As might  be ex pected ,  due to the topography and s i z e ,  no two 
1 8 F counts were the same (Table  X ) .
The second method was used f o r  the chemical  a n a l y s i s  
o f  f l u o r i n e  ( s p e c i f i c  ion e l e c t r o d e )  which leached from the  
enamel of  the sample o f  t e e t h  a f t e r  immersion of  the t e e t h  in
TABLE X





Normalized Leaching*  
(pg sample/g tooth)
Radi oact i  vi t y * *  
( 18F counts)
Normalized R a d io a c t i v i t y  
{ lBF counts/g sample)
1 4.6 96.17 10,366 216,726
1 4 .8 64.54 28,042 377,061
2 3.2 36.55 79,829 911 ,706
2 2 .0 15.66 99,360 778,074
3A 3.5 11.58 220,978 731 ,158
3B 4.7 70.55 58,543 878,760
3C 3.2 33.58 28,360 297,587
3D 2.9 26.71 96,140 850,990
4A 3.5 9.99 21 ,203 60,532
4B 4 .6 47.50 133,600 1,379,600
4C 5.1 25.59 44,809 224,832
4D 4.8 74.57 18,938 294,205
♦ S p e c i f ic  Ion Elec trode .  * *Mul t ichanne l  Analyzer .
Correlation coefficient between leaching in water and milk is r = 0.33: not significant.
Correlation coefficient between normalized leaching in water and milk is r = 0.48: not significant.
Correlation coefficient between radioactivity of ^ F  in water and milk is r = 0.60: not significant.
Correlation coefficient between normalized radioactivity of ^ F  in water and milk is
r  = 0.33: not significant.
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a 0 .10 molar s o l u t i o n  of  HC1 f o r  24 hours.  The purpose was 
to determine i f  there was a d i f f e r e n c e  in the s o l u b i l i t y  f a c ­
t o r  between unerupted and erupted te e th  (Table V I I I ) .  Pres­
ent  day accepted dental  ther ape ut i cs  s t a t e s :  " i t  appears
also t h a t  f l u o r i d e  deposited in tee th  is not sub ject  to ap­
p r e c i a b l e  reabsorpt ion"  ( ! ) •
By ins pect ion  o f  the leaching data (Table IX)  f o r  the 
te e t h  from the 1 8 -y e a r -o l d  p a t i e n t s  in comparison wi th  the 
tee th  o f  the 4 0 - y e a r - o l d  p a t ie n t s  i t  should be noted t h a t  
more f l u o r i n e  was removed from the o lde r  p a t i e n t s '  t e e t h  
than from those o f  the younger p a t i e n t s .
When comparing the normal ized data (Table IX)  in the 
l eaching column we see th a t  tooth sample 1 immersed in P 
water  l o s t  about o n e - t h i r d  more f l u o r i n e  than the tooth im­
mersed in m i l k .  By simple comparison t h i s  is  h igh ly  s i g n i f i ­
cant .  This p a t i e n t  was age 40 when the molar t e e t h  were r e ­
moved.
The reverse is  t rue  when comparing water  sample 4A 
with mi lk  sample 4C (Table I X ) .  There was t w o - t h i r d s  more F 
l o s t  from the mi lk  sample. Comparing 4B (water )  ag a in s t  4D 
( m i l k ) ,  about t w o - t h i r d s  more f l u o r i d e  is l o s t  from the milk  
sample. This p a t i e n t  was also age 40 when his molar teeth  
were removed.
These r e s u l t s  show t h a t  age does not n e c e s s a r i l y  cor ­
r e l a t e  wi th the amount o f  tempering o f  the enamel in the  
mouth. Exposure to the var ious acid-base imbalances of  the 
oral  c a v i t y  does not tend to equa l i ze  the re s is ta nc e  o f  the
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enamel to  ac id l e a c h i n g .  This i s  undoubtedly due to the  
v a r i a t i o n s  in de n s i ty  o f  the enamel between t e e t h ,  even in 
the same mouth.
When sample 2 (Table  IX )  w a te r  is compared wi th  m i l k ,  
the app rox imat e ly  40% d i f f e r e n c e  is  in fa v o r  o f  m i l k .  The 
tooth  immersed in w a te r  l o s t  3 6 . 5 5  pg F/g a g a i n s t  only 15 .66  
pg F/g from the tooth  immersed in  m i l k .  Sample 3A ( w a t e r )  
l o s t  1 1 . 5 8  pg F/g whereas sample 3C ( m i l k )  l o s t  33 . 58  pg F / g ,  
a d i f f e r e n c e  of  about  t w o - t h i r d s  i n  fa vor  o f  wa te r .
However,  sample 3B ( m i l k )  l o s t  70 .55  pg F/g as a g a i n s t  
sample 3D which l o s t  only 26.71 pg F / g ,  again a d i f f e r e n c e  o f  
about t w o - t h i r d s  but  in  favor  o f  m i l k  t h i s  t im e .  I t  i s  ob­
vious t h a t  random r e s u l t s  of  t h i s  s o r t  are not  p r e d i c t a b l e .
No c o r r e l a t i o n  e x i s ts  between r a d i o a c t i v i t y  pickup  
and the 24 -hour  l e a c h i n g  da ta ,  as shown in the t h i r d  and 
f o u r t h  columns o f  Ta b l e  X.
As a f i n a l  r e s u l t ,  the c o r r e l a t i o n  t a b l e  (Table  X) 
of  lea c h i n g  and r a d i o a c t i v i t y  counts between m i l k  and water  
samples shows t h a t  the  pickup o f  F from m i l k  and water  has 
no s i g n i f i c a n t  d i f f e r e n c e .  M i l k  is  as e f f e c t i v e  as water  
as a v e h i c l e  f o r  the t o p ic a l  t r a n s f e r  of  F to human enamel,  
but o f f e r s  so many o f  the o th er  advantages descr ibed  p r e ­
v i o u s l y  throughout  t h i s  d i s s e r t a t i o n .
SUMMARY AND CONCLUSIONS
The ob j e c t i v e s  o f  t h i s  i n v e s t i g a t i o n  were:  1) to de­
velop an in v i t r o  model system f o r  determining t o p i c a l  t r a n s ­
f e r  and a v a i l a b i l i t y  o f  f l u o r i d e  from f l u o r i d a t e d  r e c o n s t i ­
tuted and whole mi lk  to i s o l a t e d  human t e e t h ;  2) to determine  
and eva lua te  the ion ic  f l u o r i d e  t ra n s p o r t  rates  t h a t  take  
place from mi lk and water  to t e e t h ,  and 3) to prepare an ex­
per imental  design for  the preceding ob je c t iv e s  and to ana­
lyze a l l  the exper imental  data wi th the help o f  a computer  
in order  to make s t a t i s t i c a l l y  s i g n i f i c a n t  conclusions.  The 
r e s u l t s  of  the f i r s t  o b j e c t i v e  should v e r i f y  i f  the desi red  
amount of  f l u o r i d e  is  a v a i l a b l e  when the f l u o r i d a t e d  pow­
dered mi lk  is r e c o n s t i t u t e d ,  i f  the propor t ion o f  i o n i c  
f l u o r i d e  in the r e c o n s t i t u t e d  mi lk is  e s s e n t i a l l y  the same 
as in the f l u o r i d a t e d  whole m i l k ,  and i f  the so lu b le  c a l ­
cium in mi lk  combines wi th  the supplemental  f l u o r i n e  to form 
CaFg in a pp rec ia b le  q u a n t i t i e s .  The data of  the second ob­
j e c t i v e  should help in decid ing on the choice o f  medium f o r  
f l u o r i d e  i n c o r p o r a t i o n .
1) Model System. The model system consisted of  human 
teeth  as f o l l o w s :  two t e e t h  from an 1 8 - y e a r - o l d  male who
had been on systemic f l u o r i d e s  a l l  h is  l i f e - - f u l l  bony im­
pacted te e t h  which were never exposed to oral  in f l uen ce s  
such as acid-base d i f f e r e n t i a l s  in food and d r i n k ;  four
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te e t h  from an 1 8 - y e a r - o l d  male who had never  had systemic  
f 1u o r i d e s - - f u l l  bony impacted t e e t h  which were never ex ­
posed t o  ora l  i n f l u e n c e s  such as ac id -base  d i f f e r e n t i a l s  in  
food and d r i n k ;  and fo u r  t e e t h  from two 4 0 - y e a r - o l d  males 
(two each)  f u l l y  e rupted which were sub jec ted  to c o n t i n u a l  
exposure to a l l  manner o f  food and dr ink  w i th  no systemic  
f l u o r i d e .
The t e e t h  used f o r  t he  present  model system were ob­
t a in ed  through the coopera t ion  of  a group o f  oral  surgeons  
in Baton Rouge, L o u i s ia n a :  Drs.  Rivers W a l l ,  V incent  Laga-
t u t t a  and Tooley Towns. The a c q u i s i t i o n  o f  the ex per imenta l  
te e t h  r e q u i r e d  about s i x  months due to s p e c i f i c  c h a r a c t e r i s ­
t i c s  d e s i r e d .  The model system was inc o rp o r a te d  w i th  a l l  
the v a r i a b l e s  (such as age,  s i z e ,  c o n d i t i o n ,  e t c . )  which  
have been r epo r t ed  to a f f e c t  the f l u o r i d e  t r a n s f e r  mechanism 
in f l u o r i d a t e d  w a te r .
The work on a v a i l a b i l i t y  s tud ies  consis ted of  dehy­
d r a t i n g  f l u o r i d a t e d  whole m i l k  and dete rm in i ng  the concen­
t r a t i o n  o f  f l u o r i d e  in r e c o n s t i t u t e d  f l u o r i d a t e d  m i l k .  The 
f l u o r i d e  was determined p o t e n t i o m e t r i c a l l y  using a s p e c i f i c  
ion f l u o r i d e  e l e c t r o d e  in c on jun ct i on  w i t h  a standard s i n g l e  
j u n c t i o n  s l e e v e - t y p e  r e f e r e n c e  e l e c t r o d e  and a pH meter
having an expanded m i l l i v o l t  s c a le .
1 82) T r a ns p or t  Rates.  F r a d i o a c t i v e  readout  method
and chemical  a n a l y s i s  ( s p e c i f i c  ion e l e c t r o d e  method) were
1 8used f o r  measuring i o n i c  f l u o r i d e  t r a n s p o r t  r a t e s .  F 
r a d i o a c t i v e  readout  method cons is ted of  th r e e  s teps:
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1 8a) c on v e r t i ng  LiCOg to F 1n a nu c l e a r  r e a c t o r  and combin­
ing w i t h  a c a r r i e r ;  b) p r e p a r a t i o n  o f  f l u o r i d a t e d  water  and
mi lk  and soaking exper imental  t e e t h  in these media;  and
1 83) measuring F t r a n s f e r  from f l u o r i d a t e d  w a te r  and m i l k  to  
t e e t h  by means o f  a mul t ichannel  a n a l y z e r .  Chemical a n a l y ­
s is  c ons is ted  o f  leaching of  f l u o r i d e  from the enamel o f  
exper imenta l  t e e t h  a f t e r  mmersion o f  t e e t h  in a 0.10M s o l u ­
t i o n  o f  HC1 f o r  24 hours.  The leached out  f l u o r i d e  was 
measured by the s p e c i f i c  ion e l e c t r o d e  method.
3) S t a t i s t i c a l  A na lys is .  The exper imenta l  data were  
ana lyzed w i t h  the help of  a computer to determine  i f  th e r e  
was a c o r r e l a t i o n  between the t o p i c a l  f l u o r i d e  t r a n s f e r  and 
the v a r i a b l e s  in t roduced in the exper imenta l  t e e t h ,  and to  
a s c e r t a i n  i f  the  model system developed f o r  such a study is  
v a l i d .
The major  f in d i n g s  of  t h i s  study are as f o l l o w s :
1. F l u o r i d a t e d  m i l k ,  e i t h e r  whole or  r e c o n s t i t u t e d ,  
proved to be a good v e h i c le  f o r  the a d m i n i s t r a t i o n  of
f 1uor i  d e s .
2. To p ic a l  t r a n s f e r  of  f l u o r i d e  ion from f l u o r i d a t e d  
w ater  and f l u o r i d a t e d  mi lk  to the  exper imental  t ee t h  was 
proven.
3. No c o r r e l a t i o n  between the age o f  exper imenta l  
t e e t h  and the degree o f  tempering o f  the enamel was found.  
Adul ts d r i n k i n g  f l u o r i d a t e d  wa ter  or  f l u o r i d a t e d  mi lk  w i l l  
cont inue  to r e c e i v e  the car ie s  pr e v e nt io n  f l u o r i d e  t r a n s f e r  
to t h e i r  t e e t h ,  thereby b e n e f i t t i n g  them in t h e i r  l a t e r
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y e a r s .
4.  No c o r r e l a t i o n  was found between the chemical  
method and r a d i o a c t i v e  readout  method in the degree o f  
f l u o r i d e  t r a n s f e r  to the t e e t h  from e i t h e r  f l u o r i d a t e d  m i lk  
or f l u o r i d a t e d  w a te r .
5. The model system developed and v a l i d a t e d  in t h i s  
d i s s e r t a t i o n  is  recommended f o r  l a r g e - s c a l e  s t u d i e s .
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APPENDIX
PRINTOUT DATA FROM THE 400 MULTI-CHANNEL ANALYZER
aug 10 ,1976
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Na-22 1.13 x tO G/mln on 1 1 /3 /7 0  Iddlngs Aug 10.1976
00000100 00201 00777 0108 7 011*43 01097 01127 0115*4 01152 01100
0100101A 0099 7 01031 00950 OO95O 00998 00878 00926 00912 00939
02000908 00881 009^6 01087 01073 01007 00985 01013 01007 00972
03000937 OO96O 00960 00968 00838 00920 00917 00882 00909 00967
0*4000921 00939 00918 00939 00897 00903 00826 006*43 00599 OO5O5
05000*185 00*4*40 00*407 00377 00366 00286 00317 00269 00302 00335
06000306 00278 00273 00291 00297 0031*4 0036*4 00*453 00712 01135
07002038 03280 0*4882 06660 081*43 08931 09098 0796*4 06*47*4 0*4835
080032*43 02027 01196 007*45 00*477 00336 OO3 OO 00273 00293 00255
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13 0 0028 6 00239 002*47 00262 002*49 00258 002 5 5 002 6 5 0023 3 002 5 7
1*4000276 00257 00290 00256 00286 00278 00275 00269 00281 00275
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